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APPENDIX  A 

ORGANIC  WASTE  CHARACTERISTICS  OF  SITE  SOILS  AT  LEAD 
(DETERMINED  DURING  PRELIMINARY  INVESTIGATIONS) 
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TABLE  A-2 


VOLATILE  ORGANIC  COMPOUNDS  (VOC'S)  INCLUDED  ON 
THE  HAZARDOUS  SUBSTANCE  LIST  (HSL) 


g 


s 


v> 
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Detection  limits* 

Volatile 

Low 

Low  soil/ 

'  /  ’ 

organic 

water  * 

sediment  * 

compounds 

ug/L 

ug/Kg 

1 

.  Chloromethane 

10 

10 

2 

.  Bromomethane 

10 

10 

3 

.  Vinyl  Chloride 

10 

10 

4 

.  Chloroethane 

10 

10 

5 

.  Methylene  Chloride 

5 

5 

V  *. 

6 

.  Acetone 

10 

10 

£ 

7 

.  Carbon  Disulfide 

5 

5 

8 

.  1 , 1-Dichloroethene 

5 

5 

9 

.  1 , 1-Dichloroethane 

5 

5 

•>- 
\*  - 

10 

.  Trans- 1 , 2-Dich lo roethene 

5 

5 

11 

.  Chloroform 

5 

5 

12 

.  1 , 2-Dichloroethane 

5 

5 

■ 

13 

.  2-Butanone 

10 

10 

14 

.  1 ,  1 ,  1-Tr ich loroethane 

5 

5 

>• 

IS 

.  Carbon  Tetrachloride 

5 

5 

16 

.  Vinyl  Acetace 

10 

10 

17 

.  Bromod ich lo romethane 

5 

5 

9H 

18 

.  1 , 1 , 2 , 2-Tet rach loroethane 

5 

5 

19 

.  1 , 2-Dichloropropane 

5 

5 

20 

,  Tr ans- 1 , 3 -D i ch lo rop r opene 

5 

5 

2  1 

.  Tr ich loroethene 

5 

5 

22 

.  D i bromoch lo romet hane 

5 

5 

23 

.  1 ,  1 ,  2 -T r i ch lo r oet hane 

5 

5 

24 

Benzene 

5 

5 

.  25 

.  Cis- 1 , 3-Dich lo ropropene 

5 

5 

%.  ’ 

'Medium  Water  Contract  Required 

Detection  Limits 

(CRDL)  for 

Volatile  HSL  Compounds  are  100 

times  the  individual  Lew  Wui.ei 

CRDL  . 

’’Medium  So  i  1/Sediment  Contract  Required  Detection  Limits 
(CRDL)  for  Volatile  HSL  Compounds  are  100  times  the  individual 
Low  So  1  l/Sed iment  CRDL. 

•Detection  limits  listed  f  r  so l 1 / sed i rent  aie  based  on  wet 
weight. 
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TABLE  A-2 .  (CONTINUED) 


Detection  limits* 

Volati le 

Low 

Low  soil/ 

organic 

water  a 

sediment “ 

compounds 

ug/L 

ug/Kg 

26.  2-Chloroethy 1  Vinyl  Ether 

10 

10 

27.  Bromoform 

5 

5 

28.  2-Hexanone 

10 

10 

29.  4-Methyl-2-pentanone 

10 

10 

30.  Tetrachloroethene 

5 

5 

31.  Toluene 

5 

5 

32.  Chlorobenzene 

5 

5 

33.  Ethyl  Benzene 

5 

5 

34.  Styrene 

5 

5 

35.  Total  Xylenes 

5 

5 

JMedium  Water  Contract  Required  Detection  Limits  (CRDL)  for 
Volatile  HSL  Compounds  are  100  times  the  individual  Low  Water 
CRDL. 

“Medium  So i 1 /Sed iment  Contract  Required  Detection  Limits 
(CRDL)  for  Volatile  HSL  Compounds  are  100  times  the  individual 
Low  Soil/Sediment  CRDL. 

•Detection  limits  listed  for  soil/sediment  are  based  on  wet 
weight. 
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TABLE  A-3.  CONCENTRATION  RANGE  OF  VOLATILE  ORGANIC  COMPOUNDS  (VOC'S)  DETERMINED 

TO  BE  PRESENT  IN  AREA  K-l  (BASED  ON  TESTING  PERFORMED  ON  10-12  JUNE  1985)* 


Compound 


_ Concentration  (uq/q)** _ 

Borehole  Borehole  Borehole  Borehole 

1  2  3  4 


Volatiles  on  Hazardous  Substance  List  (HSL) 


Acetone 

Benzene 

Bromome thane 

Brorr.oform 

2 -Butanone 

Carbon  Disulfide 

Carbon  Tetrachloride 

Chlorobenzene  0.33-240 

Chlorodi bromome thane 

Chloroethane 

2 -Chi oroethylvinyl  Ether 
Chloroform 
Chloromethane 
Dichlocobromome thane 
1,  1-Dichloroethane 

1 . 2 - Dichlo roe thane 
1.  1-Dichloroethylene 

1. 2 - Dichlo r opr opane 

1.3- Trans  Dichlo ropropene 

1.3- Cis  Dichloropropene 

Ethylbenzene  3. 5-4.8 

2  - Hexanone 

Methylene  Chloride  0-4.3 

4 -Me thy  1  - ’ - Pent a none 

Styrene 

1,  1. 2, 2-Tetrachloroethane 
Tetracnloroethy lene  0.39-28 

Toluene  0-16 

1 , 2 -c i s/ 1  rans 

Dichloroethy lene  5.8->1300 


0-3.7 


0.73-5.9 


0-0.002 


0.012-0.6 


0 .03-76 


0.008-29 


13-390 


0-0.047 

0-0.002 

0.07-4.3 


*!'or  reference,  the  locations  of  soil  borings  drilled  in  Area  K-l  during  the  waste 
characterization  phase  of  the  pilot  study  are  shown  in  Figure  A- 1 . 

‘•Concentration  rar.qes  correspond  to  the  minimum  and  maximum  concentrations  observed  for 
ail  discreet  samoles  (i.e.,  1.5 '-3.5',  3.5'  -5.0',  5.0' -6.5',  6. 5'- 3. O',  3.0 '-10. O'). 
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TABLE  A- 3.  (CONTINUED) 


KS 


Concentration  (uq/q)** 

Borehole 

Borehole 

Borehole 

Borehole 

K d 

Compound 

1 

2 

3 

4 

11.  Volatiles  on  Hazardous 

Substance  List 

(HSL)  (continued) 

a’  J 

1,1, 2-Tr ichloroethane 

1,1, 1-Tr ichloroethane 

0-14 

Trichloroethylene 

Vinyl  Acetate 

0.84-16 

0.03-27 

0.078-300 

0.02-1.1 

Vinyl  Chloride 

0-2.1 

0-2.6 

Xylene 

25-32 

0.006-25 

4-31 

0-0.006 

Total  Volatiles 

35.86- 

0.078- 

17.816 

0.09-5.957 

\  A 

1643.2 

132.3 

772.5 

2.  Others 

yy 

Cio-Allyl  Benzene 

20-30 

.*  , 

Dichlorobenzene 

J-600 

0.03-10 

0.009-100 

' 0-0.07 

Methyl  Ethyl  Benzene 

0.07-30 

0-10 

2.3-9 

4 

n-Propy lbenzene 

4-7 

0-3 

0-2.9 

Trimethyl  Benzene 

30-110 

0.13-60 

8.4-37 

Total  Others 

57.07  -777 

0.16-83 

10.709-148.9 

0-0.07 

TOTAL 

92.93- 

0.238-215.3 

28.525-921.4 

0.09-6.027 

2420.2 

fj 

♦For  reference,  the  locations  of  soil  borings  drilled  in  Area  K-l  during  the  waste 
characterization  phase  of  the  pilot  study  are  shown  in  figure  A-l. 

**Concentr at  ion  ranges  correspond  to  the  minimum  and  maximum  concentrations  observed  for 
all  discreet  samples  (i.e.,  1.5'-3.5‘,  3.5'-5.0‘,  S.Q'-6.5‘,  6.5'-8.0',  8.0'-10.0'). 
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TABLE  A- 3.  (CONTINUED) 


Concentration  (uq/q)** 

Borehole 

Borehole 

Borehole 

Borehole 

Compound 

5 

6 

7 

3 

1.  Volatiles  on  Hazardous  Substance  List  (HSL) 

Acetone 

Benzene 

Bromome thane 

Bromoform 

2 -Butanone 

Carbon  Disulfide 

Carbon  Tetrachloride 

■ 

0-0.28 

Chlorobenzene 

Chlorodi bromome thane 

Chloroethane 

2 -Chloroethylvir.yl  Ether 
Chloroform 

0-0.44 

Chlorome thane 

Dichlorobromomethane 

1. 1- Dichloroethane 

1 . 2 - Di chloroethane 

0-0.26 

1. 1- Dichloroethylene 

1 . 2 - Dichloropropane 

1.3- Trans  Dichloropropene 

1.3- Cis  Dichloropropene 

0.3-2. 7 

0-1.8 

Ethylbenzene 

2 -Hexanone 

0.97-4.3 

0-4.9 

r-4 

1 

in 

o 

Methylene  Chloride 

4 -Me  thy  1  -  2 -Pentanor  ■» 
Styrene 

0-1.7 

0-0.6 

1 , 1 , 2 , 2 -Tetrachlo roe thane 

0.07-0.76 

Tetrachloroethy lene 

0.012-0.064 

0 .009-4 . 2 

2 10 ->3800 

0.058-17 

To  luene 

4 . 9-3  .  2 

1 , 2 -c is/ trans 

Dichloroethylene 

0.46-5.2 

0 .093-99C 

10-130 

0 .9-920 

•For  rsferenc?,  the  locations  of  soil  borings  drilled  in  Area  K-l  during  the  waste 
characterization  phase  of  the  pilot  study  are  shown  in  Figure  A-l. 

‘♦Concentration  ranges  correspond  to  the  minimum  and  maximum  concentrations  observed  for 
all  discreet  samples  (i.e.,  1.5  -3.5’,  3.5'-5.0',  5.0'-6.5’,  6.5’-8.0’,  8.0'-l0.0'). 
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TABLE  A- 3.  (CONTINUED) 


rr<- 


13 

<9 

•»v 

V«*j 


&s 

fja 


Concentration  (uq/q)*» 


0 


Compound 

Borehole 

5 

Borehole 

6 

Borehole 

7 

Borehole  t"«J 
8 

.  _  .  .  m 

1.  Volatiles  on  Hazardous 

Substance  List  (HSL)  (continued) 

1,1, 2-Tr ichloroethane 

1,1, 1-Tr ichloroethane 

34-48 

Trichloroethylene 

0.047-1.2 

0.056-330 

25- >  3500 

1.2-3000 

Vinyl  Acetate 

Vinyl  Chloride 

0-4.3 

4. 4-4. 8 

\.V 

Xylene 

0.049-25 

5.1-24 

0.82-47 

Total  Volatiles 

0 . 519-C . 164 

6.452 

284.1- 

7.528 

$ 

1371.04 

7506.9 

4001.6 

2.  Others 

■  .** 

Cio-Allyl  Benzene 

2-20 

0-5 

Di chlorobenzene 

0-0.4 

7-200 

0. 9-2.4 

0.5-20 

Methyl  Ethyl  Benzene 

0.5-24 

0-10 

0.4-11 

13 

n-Propy 1 benzene 

0.72-5.6 

0-4 

Trimethyl  Benzene 

3.7-66 

0-43 

,  2.5-50 

•v> 

Total  Others 

00.4 

13.92- 

0.9-55.4 

3.4-90 

C  * 

315.6 

91 

TOTAL 

0.519-8.564 

20 . 372 

285- 

10.928 

*  *** 

1686 . 64 

7562.3 

4091.6 

*For  reference,  the  locations  of  soil  borings  drilled  in  Area  K-l  during  the  waste 
character ization  phase  of  the  pilot  study  are  shown  in  Figure  A-I. 
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‘♦Concentration  ranges  correspond  to  the  minimum  ar.d  maximum  concentrations  observed  for 
all  discreet  samples  (i.e.,  1.5'-3.5’,  3.5'-5.0',  5.0'-6.5',  5.5'-8.0’,  8.0‘-10.0'). 
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TABLE  A-3.  (CONTINUED) 


Compound 


_ Concentration  (uq/q)** _ 

Borehoia  Borehole  Borehole 

9  10  11 


1 .  Volatiles  on  Hazardous  Substance  List  (HSU) 


Acetone 

Benzene 

Bromome thane 

B  r  omo  form 

2-Butanone 

Carbon  Disulfide 

Carbon  Tetrachloride' 

Chlorobenzene 
Chlorodibrome thane 
Chloroethane 

2 -Chloroethylvinyl  Ether 
Chloroform 
Chlorome thane 
Dichlorobromome thane 

1. 1- Dichloroethane 

1 . 2 - Dichloroe thane 

1. 1- Dichloroethylene  0-0.01 

1. 2- Dichloropropane 

1.3- Traus  Dichloropropene 

1. 3- Ci s  Dichloropropene 
Ethylbenzene 

2 -Hexanone 
Methylene  Chloride 
4-Methyl- 2-Pentanone 
Styrene 

1 . 1 . 2 . 2 - Tetrachlo roe thane 

Tetrachloroethylene  0.006-170 

Toluene 

1. 2- cis/trans 

Dichloroethy lene  4.5-74 


0-0.1 


0.016-0.33  0-0.007 

0-0.006 

0.05-0.08  0.007-0.023 


•For  reference,  the  locations  of  soil  borings  drilled  in  Area  K-l  during 
the  waste  characterization  phase  of  the  pilot  study  are  shown  in 
F igure  A- 1 . 

••Concentration  ranges  correspond  to  the  minimum  and  maximum  concentra¬ 
tions  observed  for  all  discreet  samples  (i.e.,  1.5’-3.5',  3.5’-5.0'» 
5.0' -6.5'  ,  6.5'  -3.0' ,  8.0'  -10. o'  ) . 
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FIGURE  A-  1  LOCATION  OF  SOIL  BORINGS  DRILLED  IN  AREA  K-1  DURING 

THE  WASTE  CHARACTERIZATION  PHASE  OF  THE  PILOT  STUDY 
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C.  AIR  SAMPLING  TECHNIQUES 

C.l  Description  of  test  locations.  An  instrumentation 
diagram  showing  the  location  of  measuring  devices  is  included 
in  Figure  C-I.  A  brief  description  of  each  locat'on  is 
discussed  in  the  following  subsections. 

C.1.1  Process  air  inlet.  A  single  2-inch  inner  diameter 

(ID)  test  port  was  installed  in  a  horizontal  straight  section 
of  pipe  downstream  from  the  air  preheater  outlet,  i.e.,  32 
inches  (8  diameters)  downstream  of  a  pipe  bend  an^  25  inches 
(greater  than  2  diameters)  upstream  of  the  thermal  processor 
air  inlet  (Figure  C-2).  Traverse  point  selection  criteria 

dictated  by  EPA  Method  1'  for  this  "ideal"  test  location 

required  a  minimum  of  8  points,  4  per  port  axis.  For  this  duct 
configuration,  only  one  port  axis  was  traversed  to  obtain 

preliminary  velocity  profiles.  During  formal  testing,  flow 

rates  were  measured  from  a  center  point  location.  Figure  C-l 

illustrates  test  port  placement  and  sampling  point  locations. 

C.L. 2  Process  off-gas  manifolds.  A  single  2-inch  ID  test 
port  was  installed  on  each  of  the  three  identical  and  parallel 
air  lines  discharging  gases  from  the  thermal  processor.  Each 
test  port  was  located  in  a  3-inch  ID  horizontal  straight 

section  >8  diameters  downstream  of  the  processor  dome  and  >2 
diameters  upstream  of  a  4-inch  ID  header  that  combined  the 

three  off-gas  manifolds.  Traverse  point  selection  criteria 

dictated  by  EPA  Method  1  for  this  "ideal"  location  required  a 

minimum  of  8  points,  4  per  port  axis.  For  this  duct 

configuration,  only  one  port  axis  was  traversed  to  obtain 

preliminary  velocity  profiles.  During  ,  formal  testing.  flow 

rates  were  measured  from  a  center  point  location.  Figure  C-3 
illustrates  test  port  placement  and  sampling  point  locations. 

C.l. 3  Afterburner  inlet.  A  single  2-inch  ID  test  port  was 
installed  in  a  4-inch  horizontal  ,  straight  section  of  pipe 

downstream  of  the  off-gas  manifold  main  header  >8  diameters 

downstream  of  a  pipe  bend  and  >2  diameters  upstream  of  the 
induced  draft,  fan.  Traverse  point  selection  cr iter ia  •  dictated 
by  EPA  Method  1  for  this  "ideal"  location  required  a  minimum  of 
8  points,  4  per  port  axis.  For  this  duct  conf  igur  at  ion ,  only 
one  port  axis  was  traversed  to  obtain  preliminary  velocity 
profiles.  During  formal  testing,  flow  rates  were  measured  at 
center  point  locations.  Figure  C-4  illustrates  test  port 

placement  and  sampling  point  locations. 


Code  of  Federal  Requ  1  at i ons ,  Ti t le  40,  Part  SO,  Appendix  A, 
"Standards  of  Performance  for  New  Stationaiy  Sources,"  1  4 
August  1970 . 
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FIGURE  C-2  PROCESS  AIR  INLET  PORT  AND  TRAVERSE  POINT  LOCATIONS 
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Test  Port  Cross-Sectional  View 


FIGURE  C-3  PROCESS  OFF-GAS  MANIFOLDS  PORT 
ANO  TRAVERSE  POINT  LOCATIONS 
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Traversa  Distance  From 
Point  Inside  Near 

Number  Wall,  Inches 

1  ■  ’/« 

2  1 

Center  Point  (CP)  2 

3  3 

4  31'. 
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Test  Pod  Cross-Sectional  View 


FIGURE  C-4  AFTERBURNER  INLET  PORT  AND  TRAVERSE  POINT  LOCATION 
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C.1.4  Discharge  stack.  Two  test  ports  were  installed 
90°  apart  in  a  straight  section  of  the  vertical  stack  102 
inches  (>8  diameters)  downstream  of  the  afterburner  chamber  and 
72  inches  (  ">2  diameters)  upstream  of  the  stack  outlet.  Five 
inches  of  refactory  brick  lined  the  inside  of  the  9.625-inch  ID 
stack.  Traverse  point  selection  criteria  dictated  by  EPA  Method 
1  for  this  "ideal"  test  location  required  a  minimum  of  8 
points,  4  per  port  axis.  Figure  C-5  illustrates  test  port 
placement  and  sample  point  locations. 

C.2  Description  of  test  equipment. 

C.2.1  Flow.  Air  flow  at  the  processor  inlet  and  after¬ 
burner  inlet  was  measured  using  12-inch  standard  pitot  tubes 
connected  to  inclined  manometers  (velocity  pressure  indica¬ 
tors).  Air  flow  in  the  process  off-gas  manifolds  was  measured 
by  orifice  plates.  Magnahelics  monitored  the  orifice  plate 
pressure  differentials.  Flow  at  the  discharge  stack  was 
determined  using  S-type  pitot  tubes  incorporated  with  a 
modified  EPA  Method  5  train  (described  in  Section  C.2. 4. 2). 

C.2. 2  Temperature  was  monitored  using  chromel/a lumel 
thermocouples  placed  alongside  the  pitot  tubes  or  orifice 
plates  and  wired  to  a  switchable  calibrated  digital  pyrometer. 

C-2.3  Moisture.  The  moisture  contents  of  the  process  inlet 
air  and  infiltration  air  were  assumed  to  be  the  same  as  ambient 
air  and  were  measured  using  a  sling  psychrometer  and  associated 
psychromet  r  ic  chart,. 

The  moisture  content  at  the  afterburner  inlet  was  measured 
by  an  EPA  Method  4  sampling  train.  Moisture  was  determined  at 
the  discharge  stack  using  a  modified  EPA  Method  5  train 
described  in  subsection  C.2. 4. 2. 

C  .  2 . 4  VOC  * s . 

C.2. 4.1  Total  VOC ’ s  by  continuous  emissions  monitoring 
(CEM)  system.  The  CEM  system  was  used  to  measure  total  VOC 
concentrations  at  the  process  off-gas  manifolds  for  Test  Runs  1 
through  18,  at  the  afterburner  inlet  for  Test  Runs  19  through 
23,  and  at  manifold  2  for  Test  Runs  25  through  28.  This  system 
measured  gross  VOC  concentrations  in  the  linear  range  from  1  to 
600  ppm  by  volume  dry  air  relative  to  the  calibration  gas 
(benzene).  The  CEM  system1  (see  Figure  C-6)  consisted  of  the 
following  components  connected  in  series: 
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(a)  A  glass  wool  thimble  (to  remove  particulate)  connected 
to  8  feet  of  1/4-inch  heated  (approximately  170aF) 
teflon  tubing  (to  transport  sample  gas). 

(b)  A  stainless  steel  four-way  switch  valve  that  connected 
sample  gas  lines  (manifolds  1,  2,  and  3  or  afterburner 
inlet)  and  calibration  gas  to  a  common  1/4-inch  teflon 
tube  (to  select  individual  gas  source). 

(c)  From  the  common  line,  an  ice  water-cooled  glass 
condenser  and  condensate  trap  (to  cool  and  dry  the 
sample  gas)  . 

(d)  An  AID  Model  590  volatile  organics  monitor/GC 
(photoionization  detector  with  10.0  eV  lamp)  for  Test 
Runs  1  through  11. 

(e)  A  century  model  128  volatile  organics  monitor/GC 
(flame  ionization  detector)  for  Test  Runs  12  through 
23  and  24  through  28. 

(f)  Monitor  output  recorded  on  Molytek  single  channel 
recorder . 

Both  monitors  were  used  in  the  total  VOC  survey  mode  and 
were  calibrated  on  benzene  (or  styrene  referenced  to  benzene) 
standards  in  air. 

C.2.4.2  Specific  VOC's  by  Modified  Volatile  Organic 
Sampling  Train  (MOD  VOST) .  Specific  VOC  concentrations  were 
measured  at  the  afterburner  inlet  for  Test  Runs  1  through  18 
and  at  the  process  off-gas  manifolds  for  Test  Runs  19  through 
23,  using  a  MOD  VOST.  This  sampling  train  was  applicable  to  the 
higher  VOC  concentrations  (i.e.,  greater  than  500  ppm/volume) 
encountered  at  these  test  locations.  The  sampling  train  (see 
Figure  C-7)  consisted  of  the  following  components  connected  in 
series : 

(a)  A  glass  wool  thimble  (to  remove  particulate)  connected 
to  8  feet  of  1/4-inch  heated  (approximately  170‘F) 
teflon  tubing  (to  transpo.t  sample  gas). 

(b)  An  ice  water-cooled  glass  condenser  and  condensate 
trap  (to  collect  VOC  condensable  at  63°F). 

(c)  A  section  of  1/4-inch  teflon  tubing  connecting  the 
condensate  trap  to  a  2-section,  3-gram  and  4-gram 
activated  charcoal  tube  (to  adsorb  VOC's)  and  a  silica 
gel  tube  (to  remove  residual  moisture  before  entering 
the  pump) . 

(d)  The  silica  gel  tube  was  connected  via  an  umbilical 
cable  to  a  control  console  containing  flow  controllers, 
a  calibrated  1  liter  per  minute  (1pm)  dry  gas  meter,  a 
sample  pump,  valves  and  vacuum  gauges,  a  water  coolant 
pump,  and  temperature  indicators. 


FIGURE  C-7  MODIFIED  VOLATILE  ORGANICS  SAMPLING  TRAIN  (MOD  VOST) 
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C.2.4.3  Specific  VOC's  by  VOST.  Specific  VOC  concentra¬ 
tions  in  the  discharge  stack  gas  emission  stream  were 
determined  using  a  volatile  organics  sampling  train.  This 
sampling  train  (see  Figure  C-8)  consisted  of  the  following 
components  connected  in  series: 

(a)  A  heated  borosilicate  probe,  3-ft  in  length,  con¬ 
taining  a  glass  wool  particulate  filter. 

(b)  The  probe  was  connected  to  an  ice  water-cooled 
.  condenser  followed  by  aln  adsorption  cartridge 

containing  1.6  grams  of  Tenax  (35/60  mesh)  and  a 
condensate  trap. 

(c)  A  section  of  teflon  tubing  was  used  to  connect  the 

outlet  of  the  condensate  trap  to  a  second  condenser 
which  is  followed  by  a  back-up  sorbent  trap 

(containing  1  gram  of  Tenax  and  1  gram  of  SKC 
petroleum-based  charcoal),  a  condensate  collector,  and 
a  tube  containing  a  measured  amount  of  silica  gel. 

(d)  The  tube  of  silica  gel  was  connected  via  an  umbilical 
cable  to  a  control  console  containing  flow  control¬ 
lers,  a  calibrated  1  1pm  dry  gas  meter,  a  sample  pump, 
a  coolant  pump,  a  temperature  indicator,  and  other 
components. 

C.2.5  Particulate  and  hydrochloric  acid  sampling  equip¬ 
ment.  Particulate,  hydrochloric  acid  (HC1),  and  moisture 
present  in  the  stack  gases  were  collected  simultaneously  using 
a  modified  EPA  Method  5  sampling  train  (see  Figure  C-9).  This 
sampling  train  consisted  oC  the  following  components: 

(a)  A  316  stainless  steel  nozzle  with  an  inside  diameter 
sized  to  sample  isokinetica 1 ly . 

(b)  A  heated,  hastalloy-C  probe,  approximately  3  ft  long, 
equipped  with  thermocouple  to  measure  flue  gas 
temperature  and  an  S-type  pitot  tube  to  measure  flue 
gas  velocity  pressure. 

(c)  A  heated  oven  containing  a  borosilicate  filter  holder 
with  a  weighed  90-millimeter  Reeve  Angle  934  AH  glass 
fiberfilter. 

(d)  A  section  of  borosilicate  tubing  to  connect  the  outlet 
of  the  filter'  Hold  to  the  inlet'  of  the  impinger  train. 

(e)  An  impinger  train  containing  4  impingers  (No.  1  --  100 

ml  0.1  N  NaOH;  No.  2  --  100  milliliter  0.1  N  NaOH;  No. 

3  --  dry;  No.  4  --  200  gram  silica  gel).  The  first  3 
impingers  were  of  the  standard  G reenbu rg-Smi th  design; 
the  final  impinger  was  modified  by  replacing  the 
impaction  tip  with  straight  tubing. 
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FIGURE  C-9  PARTICULATE/HCI  SAMPLING  TRAIN  •  MODIFIED  EPA  METHOD  5 


(f)  A  vacuum  hose  to  connect  the  outlet  of  the  impinger 
train  to  a  control  module. 

(g)  A  control  module  containing  a  3  cubic  foot  per  minute 
carbon  vane  vacuum  pump  (sample  gas  mover),  a  cali¬ 
brated  dry  gas  meter  (sample  gas  volume  measurement 
device),  a  calibrated  orifice  (sample  gas  flow  rate 
indicator),  and  inclined  manometers  (orifice  and  gas 
stream  pressure  indicators). 

(h)  A  switchable  calibrated  digital  pyrometer  to  monitor 
flue  and  sample  gas  temperatures. 

The  material  collected  in  the  nozzle,  probe,  front-half  of 
the  filter  holder,  and  on  the  glass  fiber  filter  were  analyzed 
gr av imet r ica 1 ly  for  particulate.  The  liquid  from  the  NaOH- 
containing  impingers  was  analyzed  for  HC1. 

C.2.6  Fixed  gases  (C02,  02,  CO)  sampling  equipment. 

The  fixed  gas  sampling  train  (Figure  C-10)  was  assembled  in 
accordance  with  EPA  Method  3  and  consisted  of  the  following 
components : 

(a)  A  stainless  steel  probe  with  a  plug  cf  glass  wool  to 
remove  particulate. 

(b)  An  air  or  water-cooled  condenser  to  remove  moisture 
from  the  sampled  gases. 

(c)  A  diaphragm  pump  to  uraw  a  continuous  sample  of  the 
gases . 

(d)  A  Tedlar  or  p1 astic-coated  aluminum  barrier  bag  to 
contain  the  sample  of  flue  gases. 

An  Orsat  analyzer  was  used  to  analyze  the  contents  of  the 
bag  for  CO,,  0> ,  and  CO. 

C .  3  Testing,  monitoring,  and  analytical  procedures.  Fol¬ 
lowing  equipment  set-up,  technicians  compiled  preliminary  test 
data  at  the  process  air  inlet,  process  off-gas  manifolds, 
afterburner  inlet,  and  discharge  stack.  Geometric  flue  measure¬ 
ments  were  recorded  and  pitot  tube  traverses  were  performed  to 
determine  the  presence/absence  of  cyclonic  flow. 

Formal  tests  generally  ran  two  to  three  hours  in  duration, 
depending  on  process  upsets,  available  quantities  of  feed  soil, 
and  weather  conditions.  The  test  period  was  defined  by  the  VOC 
sampling  time  at  the  afterburner  inlet.  Simultaneous  testing 
was  performed  on  all  source  locations  (excluding  the  discharge 
stack)  during  the  23  test  runs.  Concurrent  compliance  tests 
were  performed  at  the  discharge  stack  during  selected  low, 
medium,  and  high  voc-inlet  loading  conditions  (Test  Runs  8,’  9, 
and  10,  respectively).  Table  C-l  presents  the  parameters 
measured  at  each  source  location  for  each  test  run. 
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TEST  PARAMETERS  MEASURED  FOR  EACH  LOCATION 
BY  TEST  RUN 
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Testing  and  analysis  protocols  followed  for  each  parameter 
measured  are  summarized  in  Table  C-2.  The  following  paragraphs 
and  flow  charts  summarize  the  sample  train  preparation,  testing 
procedures,  sample  recovery,  and  analytical  techniques.  Copies 
of  the  EPA  Reference  methods  are  included  in  the  draft  version 
of  the  Work  Plan.2 

C.3.1  Flow.  Process  air  flows  were  measured  every  thirty 
minutes  for  each  test  run.  Pitot  tube  orifice  pressure  differ¬ 
entials  were  recorded  for  all  test  locations  within  a  ten- 
minute  period  in  the  following  order:  process  air  inlet, 
process  off-gas  manifolds,  afterburner  inlet,  and  stack. 

C.3.2  Temperature.  Processor  air  temperatures  were 
recorded  at  each  test  location  simultaneously  with  the  air  flow 
measurements. 

C.3.3  Moisture.  The  moisture  content  of  ambient  air 
(process  inlet  air  and  infiltration  air)  was  measured 
simultaneously  with  the  process  air  flow  and  temperature 
measurements.  Average  moisture  content  of  the  afterburner  inlet 
air  was  measured  by  an  EPA  Method  4  sampling  train  ran 
concurrently  with  the  VOC  sampling  for  each  test  run.  Average 
moisture  content  of  the  stack  gas  stream  was  measured 
concurrently  with  the  afterburner  inlet  VOC  sampling  by  an  EPA 
Method  4  sampling  train  for  Test  Runs  6  and  7  and  incorporated 
with  the  Modified  EPA  Method  5  sampling  train  for  Test  Runs  8, 
9,10. 
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Air  Temperature,  Volumetric  Flow, 
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Fixed  Gases  (COj,  O*  ,  and  CO) 
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EPA  1,  2  {modified  by 
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Total  VOC  by  CEM 


Specific  VOC  by  MOO  VOST 
Specific  VOC  by  VOST 


Particulate  and  Hydrogen  Chloride 
Concentration  and  Mass  Rate 


EPA  25A  (modi f:ied  by 
using  PID  monitor  for 
runs  1-11) 

WESTON  designed 

EPA  600/3-84-007,  March 
1984 

EPA  5  (modified  by 
replacing  impinger 
solutions  with  0.1  N 
NaOH;  analyzed  for 
hydrochloric  acid  by 
standard  methods) 
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C . 3 . 4  VOC  *  s 

C.3.4.1  Total  VOC’s  by  CEM  system.  A  portable  organic 
vapor  analyzer  was  used  to  monitor  the  total  VOC  concentrations 
(ppm/volume)  at  the  following  locations:  (1)  each  leg  of  the 
off-gas  manifold  system  (Test  Runs  1  through  18),  <2)  at  the 
afterburner  inlet  (Test  Runs  19  through  23),  and  (3)  at 
manifold  2  (Test  Runs  25  through  28).  No  monitoring  was 
conducted  during  Run  24  due  to  a  faulty  analyzer. 

C. 3. 4. 1.1  Calibration  of  instrument.  A  three-point 
calibration  was  completed  before  and  after  each  test  run.  The 
calibrations  were  completed  using  an  ambient  air  source  and 
calibration  gases  (i.e.,  10  ppm,  100  ppm,  and/or  1000  ppm 
benzene  in  air  standard).  A  single  mid-test  span  check  was  also 
performed  during  each  test  run. 

C. 3. 4. 1.2  Monitoring.  During  Test  Runs  1  through  18,  total 
VOC  concentrations  in  each  manifold  leg  were  monitored  and 
recorded  every  15  minutes.  A  stainless  steel  4-way  switch  valve 
assembly  was  used  to  sample  manifolds  1,  2,  and  3  and  ambient 
air/calibrating  gas.  Total  VOC  concentrations  were  monitored 
for  5  minutes  per  leg. 

During  Test  Runs  19  through  23  the  instrument  was  drawing  a 
continuous  sample  from  the  gases  entering  the  afterburner. 
Total  VOC  concentrations  were  recorded  every  15  minutes. 

The  pump  suction  on  the  OVA  instrument  used  during  Test 
Runs  25  through  28  was  not  strong  enough  to  overcome  the  23 
inches  of  water  column  negative  pressure  present  at  the. 
afterburner  inlet  test  port.  Therefore,  the  instrument  was 
connected  to  the  test  port  at  manifold  2.  Total  VOC  concenr 
trations  were  recorded  every  15  minutes. 

C.3.4.2  Specific  VOC ' s  by  the  MOD  VOST.  A  modified  VOST 
train  was  used  to  measure  the  specific  VOC  concentrations  at 
the  afterburner  inlet  (Test  Runs  1  through  18).  and  in  each  of 
the  three  legs  of  the  manifold  (Test  Runs  19  through  23).  The 
sample  train  preparation,  testing,  and  sample  recovery  proce¬ 
dures  are  depicted  in  the  flowcharts  in  Figures  C-ll,  C-L2,  and 
C-13,  respectively. 

C.3.4.3  Specific  VOC ' s  by  VOST.  A  VOST  train  was  used  at 
the  discharge  stack  to  measure  the  specific  VOC  concentrations 
in  the  gases.  The  sample  train  preparation,  sampling,  and 
sample  recovery  procedures  are  shown  in  the  flowcharts  in 
Figures  C-14,  C-15,  and  C-16,  respectively.  The  'integrated  gas 
sample  flow  rate  was  less  than  or  equal  to  1  Lpm  for  each  two- 
to  three-hour  test.  The  VOST  trap  pairs  were  replaced  with 
fresh  traps  every  20  minutes. 
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FIGURE  C-i  1  PREPARATION  PROCEDURES  FOR 

MODIFIED  VOLATILE  ORGANICS  SAMPLING  TRAIN 
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ATTACH  IN  SERIES:  PROBE  - ► 

CONDENSER.  TUBE  TYPE  1. 
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FIGURE  C-12  SAMPLING  PROCEDURES  FOR  VOLATILE  ORGANICS 
USING  MODIFIED  VOST 
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FIGURE  C-13 
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SAMPLE  RECOVERY  PROCEDURES  FCH  VOLATILE  ORGANICS 
USING  MODIFIED  VOST 
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CHARCOAL.  SEAL  JAR  WITH 
TEFLON-LINED  lid 


TRANSPORT  TO  INCINERATION  SITE  - 

Y 


ASSEMBLE  COMPONENTS 

Y 

SEAL  OPEN  ENOS  OF  TRAIN 
WITH  GLASS  AND/OR  FOIL 

Y 

TRANSPORT.  TO  TEST  POINT 


Figure  c-i4  preparation  procedures  for  volatile 

ORGANICS  SAMPLING  TRAIN 
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ATTACH  IN  SERIES  PRO BE.  - 

CONDENSER  TU8€  TYPE  1 
CONOENSATE  TRAP  TEFLON 
TUBING  SECONO  CONDENSER. 
TUBE  TYPE  2.  SECONO 
CONDENSATE  TRAP  TUBING. 

ANO  SILICA  GEL  TUBE 


PROBE  HEATER  AT  230f 


I 

PECOPO  CLOCK  Time  PECOPO 
initial  ORv  gas  M€tER 

PEAOING  ANO  COMPONENT 
TEMPERATURES  SET 
SAMPLING  PATE  ON 
ROTAMETER  ANO  READ 
REMAINING  GAUGES 


PECORO  DATA  ON  HELD 
OATa  sneet  EVERT  5 
M»  NOTES 


ASSEMBLE  SAMPLING  TRAIN  « 
COMPONENTS  AT  TEST 
POINT  | 

LEAK  CHECK  assembled 
SAMPLING  TRAIN  AT  15“ 

HG  AT  FRONT  ENO  Of 
PROBE  . 


TURN  ON  PROBE  HEATER 
ANO  COOLANT  PUMP 


TEAM  LEAOER  CHECK  WITH 
PROCESS  OBSERVER  FOR 

start  time 


PROBE  POSITIONED  AT 
SAMPLING  POINT  IN  STACK 


START  TEST  at  DESIGNATED- 
START.  TIME 


CONNECT  UMI 
Of  SILICA  GEL] 
CONTROL 


BKjCAL  to  outlet 
TUBE  ANO  TO 
E 


CONSOLE 


RECOROLEAK 
OATA  SHEET 


CHECK  ON  FIELD 


PROCESS  OBSERVER  MAKES  SURE 
PROCESS  IS  OPERATING  NORMALLY 


REMOVE  SAMPfc.1 
CAPS  INSERT 
PORT  SEAL 


throughout 


E  PORT  ANO  PROBE 
probe  through 

IT 


.  PCJR- 

PROCESS  OBSERVER  TAKES  DATA 


test 


* 

SiNGLE-POiNT  CONSTANT 
PATE  SAMPLING  AT  * 

LITER  MIN  FOR  20  MINUTES 

▼ 

SHUT  OFF  TRAIN  PECORO 
VOLUME  PEAOING  REMOVE 
PROBE  FROM  STACK  ^.EA* 
CHECK  ~«AlN  ANO  PECOPO 
LEAK  PA  te 
▼ 

CHANGE  '  PAP  EVERY 

20  VHHU  r  E  S  •m«OUGhOut 
”*-€  2  HOUR  'ES'  veal 
ENOS  Ni'M  'EFl ON  OR 
stainless  STEEl  caps 
f 

"HANSFEP  SAMP».  NG  'PAIN 
*C  ANC'-EP  ROR*  an C 
PEPf  A'  PROCEDURE 


►«ECC«0  final  D»y  GAS  METER 
a€ ac*NG  anoLeaa  CHECK  at 

ENO  Of  2--CUI 


FIGURE  C-15  SAMPLING  PROCEDURES  FOR  VOLATILE  ORGANICS 


PROBE  AND 
CONDENSERS 

t 

WASH  WITH 
DISTILLED  WATER 

i 

RINSE  into 
CONOENSATE  TRAPS 


SORBENT  TUBES 

I 

REMOVE  PROM 
TRAIN 

I 

SEAL  ENOS  WITH 
TEFLON  OR  STAINLESS 
STEEL  CAPS  ANO 
COVER  WITH 
ALUMINUM  FOIL 

t 

PLACE  IN  LABELLED 
AM8ER  JAR  CONTAINING 
ACTIVATED  CHARCOAL. 
SEAL  JAR  WITH 
TEFLON  LINED  LIO. 

STORE  AT  WET 
ICE  TEMPERATURE 
(A’C)  COMPLETE 
CUSTOOYFORM  secure 
SAMPLES  FOR  shipment 


CONOENSATE  TRAPS 

I 

POUR  INTO  VOA  30' ML 
VIAL  &  SEAL  WITH 
TEFLON  CAP  STORE  AT 
WET  ICE  TEMPERATURE 
|4°C).  COMPLETE  CUSTODY 
FORM  SECURE  SAMPLES 
FOR  SHIPMENT 


SIUCA  GEL 

I 

WEIGH  RECORD 
VOLUME.  INDICATE 
REGENERATION  REQUIRED 


FIGURE  C-16  SAMPLE  RECOVERY  PROCEDURES  FOR  VOLATILE  ORGANICS 
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C.3.5  Particulate  and  HC1.  Figures  C-17,  C-18,  and  C-19 
illustrate  the  procedures  that  were  used  to  prepare  the  par- 
ticulate/HCl  sampling  train  prior  to  each  test,  the  procedures 
used  to  sample  the  stack  gases,  and  the  procedures  used  to 
recover  the  samples  from  the  train.  Procedures  were  in  accord¬ 
ance  with  EPA  Method  5  except  for  minor  modifications  in  train 
configuration  and  sample  recovery  procedures  for  HC1.  Immedi¬ 
ately  following  sample  recovery,  the  sampling  train  was 
recharged,  components  reassembled,  and  the  openings  sealed  to 
prevent  cont am  1 na t ion .  Tests  were  generally  two  to  three  hours 
in  duration,  30  dscf  in  size,  and  isokinetic  >10  percent. 

C.3.6  Fixed  gases  (CO,  CO,,  O.).  Figure  C-20  illus¬ 
trates  the  procedure  used  to  measure  the  CO,  ~o , ,  and  O? 
content  of  the  stack  gases.  No  special  preparations  were 
required  apart  from  making  certain  the  gas  sampling  bag,  train, 
and  Orsat  were  leak-free  and  the  Orsat  contained  fresh  reagents. 
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NANOGRADE  ACETONE  - *-  THOROUGHLY  CLEAN  - *• 

WASH  OFF  SAMPUNG  SAMPLING  TRAIN 

NOZZLE  PROBE.  COMPONENTS  IN 

FILTER  HOLDER  LABORATORY 

I 

RETAIN  SAMPLE  OF  PREPARE  FRESH  SOLUTION  «*— 

SOLUTION  FOR  BLANK  FOR  HO  TESTS 

I 

RINSE  IMP1NGERS  - ► 

ANO  CONNECTORS 

I 

CHARGE  IMPINGER  TRAIN 
WITH  PROPER  SOLUTION  - ► 

I 

PUT  PREWEIGHED  FILTER 
INTO  FILTER  HOLDER 


SAVE  PORTION  OF  ACETONE 
USED  FOR  CLEANUP  AS  A  BLANK 


0.1  N  NaOH 


IMPINGER  NO.  1.  NO.  2.  NO.  3 
WITH  01  N  NaOH:  SAVE  PORTION 
OF  REAGENT  AS  A  BLANK 


IMPINGER  NO.  1:  100  ml  0.1  N  NaOH 
IMPINGER  NO  2:  100  ml  0.1  N  NaOH 
IMPINGER  NO.  3:  DRY 
IMPINGER  NO.  4:  SILICA  GEL 


INLET  AND  OUTLET  OF 
SAMPLING  NOZZLE. 
PROBE 


SEAL  SAMPLING  TRAIN  *4 — —  INLET  TO  IMPINGER  NO.  1  ANO 
COMPONENTS  WITH  SEPTUMS  OUTLET  TO  IMPINGER  NO.  4 
ANO/OR  GPOUNO  GLASS 
PLUGS  OR  CAPS  TO  PREVENT 
CONTAMINATION 

I 

TRANSPORT  SAMPLING 
TRAIN  COMPONENTS 
TO  SAMPLING  SITE 


FIGURE  C-17  PREPARATION  PROCEDURES  FOR  PARTICULATE  AND 
HCI  SAMPLING  TRAIN 
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ATTACH  NOZZLE  TO  PROBE  — 
ANO  PROBE  to  FILTER  HOLOER 
ATTACH  IMP1NGER  TRAIN 
TO  FILTER  HOLOER  WITH 
BOROSJUCATE  TUBING 


ASSEMBLE  SAMPLING  TRAIN 
COMPONENTS  AT  SAMPLING 
SITE 


ZERO  INCLINEO  MANOMETERS 


LEAK  CHECK  ASSEMBLED  - 
SAMPLING  TRAIN  AT  15"  HQ 


PROBE  ANO  OVEN 
HEATERS  2S0*f 


TURN  ON  PROBE  ANO  OVEN 
HEATERS  ANO  AOO  ICE  TO 
IMP1NGER  TRAIN 


TEAM  LEAOER  CHECK  WITH  • 
PROCESS  OBSERVER  FOR 
START  TIME 


RECORD  CLOCK  TIME 
RECORO  initial  DRY  GAS 
METER  VALUE 
REAO  AP  Tk  T«. 

FOR  isokinetic  Sampling 

OETFRIMINE  AH 

SET  AH  AT  ORIFICE  METER 

REAC  REMAINING  GAUGES  ■ 


RECORO  OATA  ON  FIELD 
DATA  SHEET  AT  EACH 
POINT  EVERY  5  MINUTES 


PROBE  POSITIONED  IN 
STACK  AT  FIRST 
SAMPUNG  POJNT 


START  test  AT  «R— 
DESIGNATED  START  TIME 

Y 

SAMPLE  EACH  POINT  -R- 

ON  traverse 


STOP  SAMPLING  APTER  — — - 

completing  traverse 

ANO  REMOVE  PROBE 
FROM  STACK 

♦ 

TRANSFER  SAMPUNG 
TRAIN  to  next  sample 
PORT  ANO  REPEAT  PROCEDURE 


CONNECT  UMBILICAL  TO  CONTROL 
MOOULE  ANO  TO  IMPINGER  NO  5  OUTLET 


RECORD  LEAK  RATE  ON  FIELD 
OATA  SHEET 


PROCESS  OPERATOR  MAKES  SORE 
PROCESS  OPERATING  NORMALLY 


REMOVE  SAMPLE  PORT  CAP 
INSERT  PROBE  THROUGH  PORT 
SEAL  PORT 


PROCESS  OPERATOR  TAKES  DATA 
THROUGHOUT  THE  TEST 

4  POINTS  PER  TRAVERSE 
2  TRAVERSES  AT  90° 

10- 20  MINUTES  PER  POINT 


RECORO  FINAL  DRY  GAS 

meter  reading  ANO 

LEAK  CHECK 


FIGURE  C-18  SAMPLING  PROCEDURES  FOR  PARTICULATE  AND 
HCI  SAMPLING  TRAIN 
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FIGURE  C-19 

SAMPLE  RECOVERY  PROCEDURES 

FOR  PARTICULATE  AND  HCI 

| 

-2i; 

CONNECT  PROBE  TO 
CONDENSATE  TRAP 


ASSEMBLE  SAMPLING  TRAIN 
COMPONENTS  AT  SAMPLING  SITE 

♦ 

LEAK  CHECK  TRAIN 

i 

EVACUATE  TEDLAR  BAG 
AND  CLOSE  VALVE 

I 

CONNECT  OUTLET  OF  CONDENSATE 
TRAP  TO  INLET  OF  PUMP 
CONNECT  PUMP  TO  ROTAMETER 

POSITION  PROBE  AT  TRAVERSE 
POINT  IN  STACK 

\ 

TURN  ON  PUMP  AND  PURGE 
TRAIN  FOR  5  MINUTES 

* 

CONNECT  ROTAMETER  TO  TEDLAR 
BAG  WITH  TYGON  TUBING 

* 

OPEN  VALVE 

SAMPLE  AT  CONSTANT  RATE  (-0.2  LPM) 
FOR  DURATION  OF  TRAVERSE 

y 

SHUT-OFF  PUMP 

REMOVE  PROBE  FROM  STACK 

CAP  PROBE 

y 

SAMPLE  OTHER  3  PORTS 
IN  LIKE  MANNER 

T 

CLOSE  VALVE  ON  BAG 
AT  END  OF  TEST 
ANALYZE  CONTENTS  USING 
LEAK-FREE  ORSAT 


FIGURE  C-20  SAMPLING  PROCEDURES  FOR  CO-,,  O,..  AND  CO 
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APPENDIX  D 
FEDERAL  REGULATIONS 

A.  Asbestos 

-  Chapter  27 

Occupational  Safety  and  Health 
Administration  (OSHA)  29  CFR  1910.1001 

-  Chapter  1 

Envir onmental  Protection  Agency  (EPA) 
40  CFR  Part  61,  Subpart  B  ■, 

B.  Hazardous  Waste 

-  Part  260 

Hazardous  Waste  Management 
System:  General 
40  CFR  260 

-  Part.  261 

Identification  and  Listing 
of  Hazardous  Waste 
40  CFR  261 

-  Part  234 
Subpart  0 
Incinerators 

40  CFR  264.340  -  264.347 
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A.  ASBESTOS 


CHAPTER  27 
OSHA  REGULATIONS 
29  CFR  1910.1001 
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Qnytir  XVI— Ocaythml  Swfaty  and  HmMi  AdnMttnHM  §  1910.1001 


•  IiMbhi  of  par«cOM  par  cube  tool  e 4  m.  0— art  cm  i 
Mar  aarwpt—  oomao  by  wi-laW  tac tmv* 

'  Tha  parcanM^a  at  a'lWPna  — ca  ai  tha  to— «  i 


otf  t 


■Com— anq  <  |%  quarts:  if  1%  quarts,  u—  quarts 
limit. 


Tha  immmm a— m>  un—v  vaa  mm  *o  **a  «aa  of  — 
ACC  aia—wm.  Tha  na»aw  tracaon  of  coal  <*—  «  —  *a» 
rwnart  a  MMC.  ma  Ngyra  eg— —q  to  fat  of  2  a 
Mq/M » in  ilia  tabla  for  coai  duct  is  4  5  M|/M  > 

(Secretary  of  Labor's  Order  No.  9-79  (41 
CTR  Part  2505*).  29  CFR  Part  1911) 

(39  PR  23502.  June  27.  1974.  Redesignated 
and  amended  at  40  PR  23073.  May  29.  1975: 
42  PR  22525.  May  3.  1977:  43  PR  2900.  Jan. 
17.  1979:  43  PR  5993.  Feb.  .0.  1979:  43  PR 
13593.  Mar.  31.  1979:  43  PR  19924.  May  5. 
1979:  4 J  PR  27394.  June  23,  1979;  43  PR 
45909.  Oct.  3.  1979:  43  PR  53007.  No*.  14. 
1979:  43  PR  37902.  Dec.  9.  1979) 

I  1919.1991  Aabeatoa. 

(a)  De/initi on*.  For  the  purpose  of 
this  section.  (1)  "Asbestos"  includes 
chrysotlle.  amoslle.  crocidollte,  tremo- 
lite.  anthophyllite.  and  actinoltte. 

(2)  "Asbestos  fibers”  means  asbestos 
fibers  longer  than  5  micrometers. 

(b)  Permissible  exposure  to  airborne 
concentrations  a f  asbestos  fibers — ( 1) 
Standard  effective  July  7.  1972.  The  8- 
hour  time-weighted  average  airborne 
concentrations  ot  asbestos  fibers  to 
which  any  employee  may  be  exposed 
shall  not  exceed  five  fibers,  longer 
than  5  micrometers,  per  cubic  centi¬ 
meter  of  air.  as  determined  by  the 
method  prescribed  in  paragraph  <e>  of 
this  section. 

(2)  Standard  effective  July  1,  19 75. 
The  8-hour  timt-weighted  average  air¬ 
borne  concentrations  of  asbestos  fibers 
to  wntch  any  employee  may  be  ex¬ 
posed  shall  not  exceed  two  fibers, 
longer  than  S  micrometers,  per  cubic 


centimeter  of  air.  as  determined  by 
the  method  prescribed  in  paragraph 
(e)  of  this  section. 

(3)  Ceiling  concentration.  No  em¬ 
ployee  shall  be  exposed  at  any  time  to 
airborne  concentrations  of  asbestos 
fibers  in  excess  of  10  fibers,  longer 
than  S  micrometers,  per  cubic  centi¬ 
meter  of  air.  as  determined  by  the 
method  prescribed  in  paragraph  <e)  of 
this  section. 

(e)  Method*  of  compliance— <  1 )  Engi¬ 
neering  method*.  <l)  Engineering  con¬ 
trol '*  Engineering  controls,  such  as. 
but  not  limited  to.  isolation,  enclosure, 
exhuust  ventilation,  and  dust  collec¬ 
tion,  shall  be  used  to  meet  the  expo¬ 
sure  limits  prescribed  in  paragraph  (b> 
of  this  section. 

(il)  Local  exhaust  ventilation,  (a) 
Local  exhaust  ventilation  and  dust  col¬ 
lection  systems  shall  be  designed,  con¬ 
structed.  installed,  and  maintained  in 
accordance  with  the  American  Nation¬ 
al  Standard  Fundamentals  Governing 
the  Design  and  Operation  of  Local  Ex¬ 
haust  Systems.  ANSI  Z9.2-1971.  which 
is  incorporated  by  reference  herein. 

(ft)  See  I  1910.6  concerning  the  avail¬ 
ability  of  ANSI  Z9.2-1971.  and  the 
maintenance  of  a  historic  file  in  con¬ 
nection  therewith.  The  address  of  the 
American  National  Standards  Insti¬ 
tute  is  given  in  {  1910.100. 

fill)  Particular  tools.  All  hand-oper¬ 
ated  and  power  operated  tools  whirh 
may  produce  or  release  asbestos  fibers 
in  excess  of  the  exposure  limits  pre¬ 
scribed  In  paragrsph  (b)  of  this  sec¬ 
tion.  such  as.  but  not  limited  to.  saws, 
scorers,  abrasive  wheels,  and  drills, 
shall  be  provided  with  local  exhaust 
ventilation  systems  in  accordance  with 
subdivision  (ii)  of  this  subparagraph. 

(2)  Work  practices— (I)  Wet  methods. 
Insofar  as  practicable,  asbestos  shall 
be  handled,  mixed,  applied,  removed, 
cut,  scored,  or  otherwise  worked  in  a 
wet  state  sufficient  to  prevent  the 
emission  of  airborne  fibers  in  excess  of 
the  exposure  limits  prescribed  in  para¬ 
graph  (b>  of  this  section,  unless  the 
usefulness  of  the  product  would  be  di 
minished  thereby. 

Ui>  Particular  products  and  n per 
ations.  No  asbestos  cement,  mortar, 
coating,  grout,  plaster,  or  similar  ma¬ 
terial  containing  asbestos  shall  be  re¬ 
moved  from  bags,  cartons,  or  other 
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container*  in  which  they  are  shipped, 
without  beinc  either  wetted,  or  en¬ 
closed.  or  ventilated  so  as  to  prevent 
effectively  the  release  of  airborne  as¬ 
bestos  fibers  in  excess  of  the  limits 
prescribed  in  paragraph  (b)  of  this  sec¬ 
tion. 

<lii)  Spraying,  demolition,  or  remov¬ 
al  Employees  engaged  in  the  spraying 
of  asbestos,  the  removal,  or  demolition 
of  pipes,  structures,  or  equipment  cov¬ 
ered  or  insulated  with  asbestos,  and  in 
the  removal  or  demolition  of  asbestos 
insulation  or  coverings  shall  be  pro¬ 
vided  with  respiratory  equipment  in 
accordance  with  paragraph  (dX2Xiii> 
of  this  section  and  with  special  cloth¬ 
ing  in  accordance  with  paragraph 
(dX3)  of  this  section. 

Personal  protective  equipment— 
ill  Compliance  with  the  exposure 
limits  prescribed  by  paragraph  (b>  of 
this  section  may  not  be  achieved  by 
the  use  of  respirators  or  shift  rotation 
of  employees,  except 
(i)  During  the  time  period  necessary 
to  install  the  engineering  controls  and 
to  institute  the  work  practices  re¬ 
quired  by  paragraph  (c>  of  this  sec¬ 
tion: 

<ii)  In  work  situations  in  which  the 
methods  prescribed  in  paragraph  (c) 
of  this  section  are  either  technically 
not  feasible  or  feasible  to  an  extent  In¬ 
sufficient  to  reduce  the  airborne  con¬ 
centrations  of  asbestos  fibers  below 
the  limits  prescribed  by  paragraph  (b) 
of  this  section:  or 
(111)  In  emergencies. 

(iv)  Where  both  respirators  and  per¬ 
sonnel  rotation  are  allowed  by  para¬ 
graphs  (dXl)  (i).  (ID.  or  (ill)  of  this  sec¬ 
tion,  and  both  are  practicable,  person¬ 
nel  rotation  shall  be  preferred  and 
used. 

(2)  Where  a  respirator  is  permitted 
by  paragraph  (dxl)  of  this  section,  it 
shall  be  selected  from  among  those  ap¬ 
proved  by  the  Bureau  of  Mines,  De¬ 
partment  of  the  interior,  or  the  Na¬ 
tional  Institute  for  Occupational 
Safety  and  Health,  Department  of 
Health.  Education,  and  Welfare,  under 
the  provisions  of  30  CPR  Part  11  (37 
P  R.  S244.  Mar.  23,  1972),  and  shall  be 
used  in  accordance  with  subdivisions 
(I),  (ID,  ( lit >.  and  (lv)  of  this  subpara¬ 
graph. 
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(1)  Air  purifying  respirators,  a  reus¬ 
able  or  single  use  air  purifying  respira¬ 
tor.  or  a  respirator  described  in  para¬ 
graphs  (dX2>  (11)  or  till)  of  this  section, 
shall  be  used  to  reduce  the  concentra¬ 
tions  of  airborne  asbestos  fibers  in  the 
respirator  below  the  exposure  limits 
prescribed  in  paragraph  (b)  of  this  sec¬ 
tion.  when  the  ceiling  or  the  8-hour 
time-weighted  average  airborne  con¬ 
centrations  of  asbestos  fibers  are  re* 
sonably  expected  to  exceed  no  more 
than  10  times  those  limits. 

(ID  Powered  air  purifying  respira¬ 
tors.  A  full  facepiece  powered  air  puri 
fytng  respirator,  or  a  powered  air  puri¬ 
fying  respirator,  or  a  respirator  de¬ 
scribed  in  paragraph  (dK2Xili>  of  this 
section,  shall  be  used  to  reduce  the 
concentrations  of  airborne  asbestos 
fibers  in  the  respirator  below  the  ex¬ 
posure  limits  prescribed  in  paragraph 

(b)  of  this  section,  when  the  ceiling  or 
the  8-hour  time-weighted  average  con¬ 
centrations  of  asbestos  fibers  are  rea¬ 
sonably  expected  to  exceed  10  times, 
but  not  100  times,  those  limits. 

<iii>  Type  "C  supplied-air  respira¬ 
tors,  continuous  flow  or  pressure- 
aemand  class.  A  type  "C"  continuous 
flow  or  pressure-demand,  supplied-air 
respirator  shall  be  used  to  reduce  the 
concentrations  of  airborne  asbestos 
fibers  in  the  respirator  below  the  ex¬ 
posure  limits  prescribed  in  paragraph 
(b)  of  this  section,  when  the  ceiling  or 
the  8-hour  time-weighted  average  air¬ 
borne  concentrations  of  asbestos  fibers 
are  reasonably  expected  to  exceed  100 
times  those  limits. 

(Iv)  Establishment  of  a  respirator 
program,  (a)  The  employer  shall  es¬ 
tablish  a  respirator  program  In  accord¬ 
ance  with  the  requirements  of  the 
American  National  Standards  Prac¬ 
tices  for  Respiratory  Protection.  ANSI 
Z88.2-1969.  which  Is  Incorporated  by 
reference  herein. 

(ft)  See  J  1910.8  concerning  the  avail¬ 
ability  of  ANSI  Z88.2-1969  and  the 
maintenance  of  a  historic  file  in  con¬ 
nection  therewith.  The  address  of  Ihc 
American  National  Standards  Insti¬ 
tute  is  given  in  )  1910.100. 

(c)  No  employee  shall  be  assigned  to 
tasks  requiring  the  use  of  respirators 
If.  based  upon  his  most  recent  exami¬ 
nation,  an  examining  physician  deter¬ 
mines  that  the  employee  will  be 
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;•  .tl.ie  lo  lunctinn  normally  weart*'*  a 
-i  .r-uor  or  that  the  \af-  tv  or  he  i  n 
..<•  tmplcyee  or  other  -mp'o 
..Me  impaired  by  lila  use  of  a  rr.p. 
nor.  Such  employee  shall  be  rotated 
i  mother  Job  or  given  the  opport  inl- 
•o  transfer  to  a  different  poaltion 
v  ,<•  duties  he  i*  able  to  perform 
>  •  h  the  same  employer,  in  the  tame 
si-  graphical  area  and  with  the  same  ! 
rr  nrtf,,  status,  and  rate  of  pay  he 
■'.ad  .ust  prior  to  such  transfer.  If  such  ' 
a  Jifferer*  position  Is  available. 

> 3>  Special  clothing:  The  employer 
shall  provide,  and  require  the  use  of. 
-uecial  clothing,  such  as  coveralls  or 
similar  whole  body  clothing,  head  cov- 
■•rings,  gloves,  and  foot  coverings  for 
any  rmployee  exposed  to  airborne  eon- 
•tiTatlona  of  asbestos  fiber*,  which 
.  v  -i-d  the  erihng  level  prescribed  in 
;-.v-  wraph  >bl  of  this  vert  Ion. 

i  I'hsngr  rooms:  -n  At  any  fixed 
:  '  .  t  i-mplovmint  exposed  to  air- 

bur  r.t  rat  ions  of  asbestos  fibers 

.11  •  of  iho  exposure  limits  pre- 

•rr'.'  i  in  uurauraph  < ts >  of  this  see- 
n  lie  employer  shall  provide 
■  mgp  rooms  for  rmulovevs  working 
••  1-ularly  at  the  placr. 

Clothes  lockers:  The  employer 
provide  •  >r  separate  lockers  or 
Miners  fo  •  orh  emoloyee.  so  seps- 
raieil  or  isoiaied  a*  to  prevent  eon- 
i.immatlon  of  (he  employee's  street 
clothes  from  his  work  clothes. 

i mi  Laundering:  ia>  Laundering  of 
axbestaa  contaminated  clothing  shall 
be  done  so  u  to  prevent  the  release  of 
air  borne  aabestoa  fibers  In  excess  of 
the  exposure  limits  prescribed  in  para¬ 
graph  <b)  of  thla  section. 

■0;  Any  employer  who  gives  asbes¬ 
tos-contaminated  clothing  to  another 
person  for  laundering  shall  inform 
such  person  of  the  requirement  m 
paragraph  dMklllxa)  of  this  section 
lo  -'feciively  prevent  the  release  of 
a  1  borne  asbestos  fibers  In  excess  of 
ne  exposure  limits  prescribed  In  para¬ 
graph  ibi  of  ihta  section. 

ci  Contaminated  clothing  shall  be 
'.rsnxported  In  sealed  impermeable 
bags,  or  other  dosed,  impermeable 
containers,  and  labeled  n  ircordancr 
v  ilh  paragraph  g'of'hi.'  -oimi 
i"  Wcr/iod  if  ’itcus  i-wtesf.  All  <*r 
'.enn  nations  of  lirburnc  rnno-ni'i 
lions  of  v.>t»esios  fihe-x  :  -  .a  r  I  be  mime 


hv  'he  membrane  ;::--r  met  him 
••'d-a.yo  ■  'magnifirv-.iin  4  -nittin  • 

•  --  i-j;eetnei  HUM  x-e  •  nntra-l  .  . 
-  nation 

if*  Mon 1 1 urntj-  .  !■  f.  o  — - 

nation*  Within  ii  mi¬ 
ration  of  this  -eel mi 

•ihall  cause  every  . . .  r-pi.-v  •  ■ 

where  asbestos  fibers  .r-  n-.-.r.  • 
be  monitored  in  surh  \  v  r 
-mine  whether  ev i  ■  -n:  ■ 

-or*-  to  asbestos  :  1 

prescrihi-d  in  -r.-;  o 

Von  If  ’ he  i.m" 

--  ■  r  ii. ill  ;im 
••  -.-  o  -  i-  pro, 

i-  -.iph  •  . 


porosity  mounted  In  an  open-face* 
tiller  holder  Samples  shall  be  laken-i 
for  tin-  determination  of  the  8- hour 
Itme-wi ighted  average  airborne  con-, 
rentratlons  and  nf  the  ceiling  lonern-  I 
l rr. i ions  of  asbestos  fibers. 

-n)  Sampling  frequency  and  pat¬ 
terns.  After  the  initial  determinations  , 
required  by  paragraph  if«l>  of  this  ( 
section,  samples  shall  be  of  »uch  fre- 1 
qurncy  and  pattern  as  lo  represent  j 
with  reasonable  accuracy  the  levels  of  i 
exposure  of  employees.  Jn  no  case 
shall  the  sampling  be  done  at  Inlervwls 
greater  than  8  months  for  employes  a 
whose  exposure  lo  asbestos  may  rea¬ 
sonably  be  foreseer  to  exceed  the 
llmlta  prescribed  by  paragraph  <b>  of 
this  section. 

< 3 >  tnnronmental  mosiftuisg  ill 
Samples  shall  be  collected  from  areaa 
of  a  work  environment  which  are  rep¬ 
resentative  of  the  airborne  concern ra- 
Ilona  of  aabestoa  fibers  which  may  : 
reach  the  breathing  zone  of  employ-  I 
res.  Samples  shall  be  collected  on  a 
membrane  filter  of  0.8  micrometer  po- 1 
roaity  mounted  in  an  open-face  filter 
holder.  Samples  shall  be  taken  for  the  . 
determination  of  the  8-hour  tlmr  [ 
weighted  average  airborne  coneenira-  i 
lions  and  of  the  ceiling  concentrations  1 
of  ;v-brsto.x  fibers.  j 

■  in  Samphno  'mnii-nri  and  pal-  i 
•'•••: v.  Afn-r  i he  initial  determinations  j 
ri.;.n-1  -v  parsgrsph  if'il)  of  Ihi*  t 
-i- Mm,  .i— .ole.  -hail  be  of  xu<h  frr-  | 
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quency  and  pattern  as  to  represent 
with  reasonable  accuracy  the  levels  of 
exposure  of  the  employees.  In  no  case 
shall  sampling  be  at  Intervals  greater 
than  4  months  for  employees  whose 
exposures  to  asbestos  may  reasonably 
be  foreseen  to  exceed  the  exposure 
limits  prescribed  in  paragraph  (b)  of 
this  section. 

(4)  Employe*  observation  of  moni¬ 
toring.  Affected  employees,  or  their 
representatives,  shall  be  given  a  rea¬ 
sonable  opportunity  to  observe  any- 
monitoring  required  by  this  paragraph 
and  shall  have  access  to  the  records 
thereof. 

(g)  Caution  signs  and  labels.  (1) 
Caution  signs.  (I)  Posting.  Caution 
signs  shall  be  provided  and  displayed 
at  each  location  where  airborne  con¬ 
centrations  of  asbestos  fibers  may  be 
in  excess  of  the  exposure  limits  pre¬ 
scribed  in  paragraph  <b)  of  this  sec 
tion.  Signs  shall  be  posted  at  such  a 
distance  from  such  a  location  so  that 
an  employee  may  read  the  signs  and 
take  necessary  protective  steps  before 
entering  the  area  marked  by  the  signs. 
Signs  shall  be  posted  at  all  approaches 
to  areas  containing  excessive  concen¬ 
trations  of  airborne  asbestos  fibers. 

ill)  Sign  specifications.  The  warning 
signs  required  by  paragraph  (g)(l)(i> 
of  this  section  shall  conform  to  the 
requirements  of  20"  x  14"  vertical 
format  signs  specified  in 
t  1910.143(d)(4),  and  to  this  subdivi¬ 
sion.  The  signs  shall  display  the  fol¬ 
lowing  legend  in  the  lower  panel,  with 
letter  sizes  and  styles  of  a  visibility  at 
least  equal  to  that  specified  In  this 
subdivision. 

Mo4*+on 

AatmatM  r*  Sam  S •*<  Gom*c  o » 

8»oc* 

CXr*i  Ha/ art)  V  Sam  Gortx 

o>  0*oc» 

Avert  0r«*mmq  CXrt4  'V  Gome 

*4jar  Atwgnrt  Proiacftv  '/«  '  Gome 

Oo  No<  m  A/a#  ■/»  Gome 

Your  Wort  Paquvaa  d 

Braamnq  Atbmtoa  Out*  A*  nr  8a  14  part  Sotre 
Muadout  To  vour  h*-  m 

Spacing  between  lines  shall  be  at  least 
equal  to  the  height  of  the  upper  of 
any  two  lines. 

(2)  Caution  labels— (I)  Labeling.  Cau¬ 
tion  labels  shall  be  affixed  to  all  raw 
mateiials.  mixtures,  scrap,  waste, 

debris,  and  other  products  containing 


asbestos  fibers,  or  to  their  containers, 
except  that  no  label  is  required  where 
asbestos  fibers  have  been  modified  by 
a  bonding  agent,  coating,  binder,  or 
other  material  so  that  during  any  rea¬ 
sonably  foreseeable  use.  handling, 
storage,  disposal,  processing,  or  trans¬ 
portation.  no  airborne  concentrations 
of  asbestos  fibers  in  excess  of  the  ex¬ 
posure  limits  prescribed  in  paragraph 
(b)  of  this  section  will  be  released. 

(II)  Label  specifications.  The  caution 
labels  required  by  paragraph  (g)(2)(i> 
of  this  sectior.  shall  be  printed  in  let¬ 
ters  of  sufficient  size  and  contrast  as 
to  be  readily  visible  and  legible.  The 
label  shall  state: 

C*tmo* 

Contains  Asbesto*  Fibers 
Avoid  Creating  Dust 

Breathing  Asbestos  Dust  May  Cause  Serious 
Bodily  Harm 

<h)  Housekeeping — (1)  Cleaning.  All 
external  surfaces  In  any  place  of  em¬ 
ployment  shall  be  maintained  free  of 
accumulations  of  asbestos  fibers  if. 
witii  their  dispersion,  there  would  be 
an  excessive  concentration. 

(2)  Waste  disposaL  Asbestos  waste, 
scrap,  debris,  bags,  containers,  equip¬ 
ment.  and  asbestos-contaminated 
clothing,  consigned  for  disposal,  which 
may  produce  in  any  reasonably  fore¬ 
seeable  use.  handling,  storage,  process 
ing,  disposal,  or  transportation  air¬ 
borne  concentrations  of  asbestos  fibers 
in  excess  of  the  exposure  limits  pre¬ 
scribed  in  paragraph  (b)  of  this  section 
shall  be  collected  and  disposed  of  in 
sealed  impermeable  bags,  or  other 
closed,  impermeable  containers. 

(1)  Recordkeeping— ( 1)  Exposure  rec 
ords.  Every  employer  shall  maintain 
records  of  any  personal  or  environ¬ 
mental  monitoring  required  by  this 
section.  Records  shall  be  maintained 
for  a  period  of  at  least  20  years  and 
shall  be  made  available  upon  request 
to  the  Assistant  Secretary  of  Labor  for 
Occupational  Safety  and  Health,  the 
Director  of  the  National  Institute  for 
Occupational  Safety  and  Health,  and 
to  authorized  representatives  of 
either 

(2)  Accra;.  Employee  exposure  rec 
ords  required  by  this  paragraph  shall 
be  provided  upon  request  to  employ- 
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e«s.  designated  represen latives,  and 
Che  Assistant  Secretary  in  accordance 
with  29  CFR  1910.20  (tH«)  and  (g>- 
(1). 

(3)  Employe*  notification.  Any  em¬ 
ployee  found  to  have  been  exposed  at 
any  time  to  airborne  concentrations  of 
asbestos  fibers  in  excess  of  the  limits 
prescribed  in  paragraph  (b)  of  this  sec¬ 
tion  shall  be  notified  in  writing  of  the 
exposure  as  soon  as  practicable  but 
not  later  than  5  days  of  the  finding. 
The  employee  shall  also  be  timely  no¬ 
tified  of  the  corrective  action  being 
taken. 

(J>  Medical  examinations— <  1 )  Gen¬ 
eral  The  employer  shall  provide  or 
make  available  at  his  cost,  medical  ex¬ 
aminations  relative  to  exposure  to  as¬ 
bestos  required  by  this  paragraph. 

(2)  Prieplacemen  l  The  employer 
shall  provide  or  make  available  to 
each  of  his  employees,  within  30  calen¬ 
dar  days  following  his  first  employ 
ment  in  an  occupation  exposed  to  air¬ 
borne  concentrations  of  asbestos 
fibers,  a  comprehensive  medical  exam¬ 
ination.  which  shall  include,  as  a  mini 
mum.  a  chest  roentgenogram  (posteri¬ 
or-anterior  14  x  17  inches),  a  history 
to  elicit  symptomatology  of  respira¬ 
tory  disease,  and  pulmonary  function 
tests  to  include  forced  vital  capacity 
(FVC)  and  forced  expiratory  volume 
at  1  second  (FEV,_). 

(3)  Annual  examinations.  On  or 
before  January  31.  1973.  and  at  least 
annually  thereafter,  every  employer 
shall  provide,  or  make  available,  com¬ 
prehensive  medical  examinations  to 
each  of  his  employees  engaged  in  occu¬ 
pations  exposed  to  airborne  concentra¬ 
tions  of  asbestos  fibers.  Such  annual 
examination  shall  include,  as  a  mini 
mum.  a  chest  roentgenogram  (posteri¬ 
or-anterior  14  •  17  inches),  a  history 
to  elicit  symptomatology  of  respira 
tory  disease,  and  pulmonary  function 
tests  to  include  forced  vital  capacity 
(FVC)  and  forced  expiratory  volume 
at  1  second  (FEV,.„). 

(4)  Termination  of  employment  The 
employer  shall  provide,  or  make  avail 
able,  within  30  calendar  days  before  or 
after  the  termination  of  employment 
of  any  employee  engaged  in  an  ocru 
pation  exposed  to  airborne  concenlra 
tions  of  asbestos  fibers,  a  comprehen 
stvr  medical  examination  which  vliall 
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include,  as  a  minimum,  a  chest  roent¬ 
genogram  (posterior-anterior  14  •  17 
inches),  a  history  to  elicit  symptoma¬ 
tology  of  respiratory  disease,  and  pul¬ 
monary  function  tests  to  include 
forced  vital  capacity  (FVC)  and  forced 
expiratory  volume  at  1  second 
(FEV,_). 

(S)  Accent  examinations.  No  medical 
examination  is  required  of  any  em¬ 
ployee.  if  adequate  records  show  that 
the  employee  has  been  examined  in 
accordance  with  this  paragraph  within 
the  past  1-year  period. 

161  Medical  records — ill  Mainte 
nance.  Employers  of  employees  exam¬ 
ined  pursuant  to  this  paragraph  shall 
cause  to  be  maintained  complete  and 
accurate  records  of  all  such  medical 
examinations.  Records  shall  be  re 
tamed  by  employers  for  at  less!  20 
years 

di)  Access.  Records  of  the  medical 
examinations  required  by  this  para¬ 
graph  shall  be  provided  upon  request 
to  employees,  designated  representa¬ 
tives.  and  the  Assistant  Secretary  in 
accordance  with  29  CFR  1?|0  20  iai- 
(e)  and  (gwi).  These  records  shall  also 
be  provided  upon  the  request  to  the 
Director  of  NIOSH.  Any  physician 
who  conducts  a  medical  examination 
required  by  this  paragraph  shall  'ur 
nish  to  the  rmployr-r  of  the  examined 
employee  all  the  Information  specifi 
cally  required  by  this  paragraph,  and 
any  other  medical  information  related 
to  occupational  exposure  to  asbestos 
fibers. 

i  Secs  Kill.  *ci  and  «f>  lU  Slat  1593  ISM 
1600  29  DSC  655.  657 1.  the  Secret  ary  o( 
Labor  .  Order  »  7*  >41  FR  250591  sod  :» 
CFR  Fart  1911.  Ch.  XVII  of  Title  29- 

139  FR  23502.  June  27  1974  Reln»mlr4 
at  40  FR  27073.  May  2S  1975  and  amended 
at  41  FR  11505.  Mar  19  1976  45  FR  152*1 
May  23  I  960! 

F.rrrt-nvc  Dane  Nor*  At  45  FH  352*1 
May  23  1 960  paragraphs  *  i  a  2  ‘  and  <  j  -  6  *  tt  - 
ol  f  1910  1001  -Sere  rev.ja’d  rffeelne  Augml 
21.  19*0  For  rhe  ronvrnirnrr  nt  'hr  user 
(be  \tipe-.eded  Tex!  aooexrt  brine 

•  15  I  *•  |M|  IJmUh. 
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'2)  Em  ptnyee  arretj  rmplnur  and 

former  employee  .hall  hat*-  fe-v-ohynlr 


•a 
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•ora  U>  K7  record  rr«un4  lo  br  main 
Hinni  Sty  paragrm on  null  at  thu  wrtion. 
•hirn  'iwnin  Ihe  mpioyw  s  own  npo 
wtp  lo  abiMi  fiber* 


i)l  •  •  * 

it)  •  •  * 

ill)  lirm  The  cwntenu  of  the  mwai  of 
lh*  medical  examinations  required  by  this 
paragraph  trial)  be  made  available,  lor  in 
spec-lion  and  eoovtng.  u>  me  Assistant  See 
retary  of  Labor  for  Ocrupauonai  Safety  and 
Health,  the  Director  of  HIOSH  lo  author 
tard  physicians  and  medical  ronaullanta  of 
either  of  them.  and.  upon  the  requett  of  an 
employee  or  former  employee  to  ht*  ptiyti 
rian  Any  pn  yaman  «no  conduct*  a  medical 
eaaminaiion  required  by  thia  paraarapn 
titan  fumtah  to  me  employer  of  the  etam 
ined  employee  ail  me  informal  ton  spertfi 
rally  required  by  thia  paraarapn  and  any 
other  medical  information  related  lo  occu 
patiortal  eapooure  lo  aaltetloa  fiber* 


•  1910  INI  Cool  Uk  patch  volatile*:  inter- 
peet  al  too  of  teem. 

Aa  used  in  I  1910  1000  (Table  Z- 1 ). 
coal  tar  pitch  volatile*  include  the 
fused  polycyclic  hydrocarbons  which 
volatilize  from  the  distillation  residue* 
of  coal,  petroleum,  wood,  and  other  or 
(amc  matter 

•See  Wgl.  MSLat  l«M  BU3C  4S7> 

IIP  rjt  Midi  June  27  I  Pit  Redetianaird 
and  amended  at  *0  VR  23071.  May  2*  I97SI 

II9IPIPU  t-.NWrohipheoyf. 

<ai  Scope  and  appficafion  •  1  >  This 
tec". ion  applied  to  any  are*  in  which  4- 
Hnrobiphenyl.  Chemical  Abstract* 
Service  Reentry  Nu..iber  92933  is 
manufactured,  processed,  repa  -gaged, 
releaaed.  handled,  or  stored,  but  shall 
not  apply  lo  trana  shipment  tn  sealed 
containers,  except  for  ihe  labeling  re 
qtnremenu  under  paragraphs  'ei  -2). 
i  3 )  ar.d  <  4 1  of  this  section 

2)  Thia  section  shall  not  apply  to 
■olid  or  liquid  mixtures  ronlaimnit  less 
than  0  1  percent  ns  weight  or  soliime 
of  4  Nit robipheny I 

bi  De/imfionj  For  Ihe  purpmes  of 
this  section  I  i  Absolute  tiller  is 
one  capable  of  retaining  99  97  percent 
of  a  mono  disperse  aerosol  of  0  3  ^m 
par  til  lea 


(2)  "Authorized  emptayee"  means  an 
employee  whoae  duties  require  him  to 
be  in  the  regulated  area  and  who  has 
been  specifically  lfgnert  by  the  em¬ 
ployer. 

(3)  "Clean  change  room"  means  a 
room  where  employees  put  on  clean 
clothing  and/or  protective  equipment 
in  an  environment  free  of  4-Nltrobi- 
phenyi.  The  dean  change  room  shall 
be  contiguous  to  and  have  an  entry 
from  a  shower  room,  when  the  shower 
room  facilities  are  otherwise  required 
in  thu  section. 

i4>  "Closed  system*  means  an  oper¬ 
ation  involving  4-Ntcrobiphenyt  where 
containment  prevents  the  release  of  4- 
Nitrobiphenyl  into  regulated  areas, 
non- regulated  areas,  or  the  external 
environment. 

i  Si  Decontamination"  means  the  in¬ 
activation  of  4-Nlirobtpiienyl  or  its 
safe  disposal. 

(8)  Director"  means  the  Director. 
Natiurtai  Institute  for  Occupational 
Safety  and  Health,  or  any  person  di¬ 
rected  by  him  or  the  Secretary  of 
Health.  Education,  and  Welfare  lo  act 
lor  ihe  Director. 

1 7)  Disposal"  means  the  safe  remov¬ 
al  of  4-Nitrobipheny<  from  the  work 
environment. 

'  8 )  Emergency"  means  an  unfore¬ 
seen  circumstance  or  set  of  circum¬ 
stances  resulting  in  the  release  of  4-NI- 
trnoiphenyl  which  may  result  in  expo¬ 
sure  to  or  contact  with  4-Nltrobi- 
phenyl. 

1 9 1  External  environment"  means 
any  environment  external  Lo  regulated 
and  nonreg ulsted  ansa. 

1 10)  "Isolated  system"  means  a  fully 
enclosed  structure  other  than  '.he 
-h*el  of  containment  of  4-Nilrobi 
phenyl,  which  is  impervious  to  the 
passage  of  4  Nltrobtphenyl.  and  which 
would  prevent  the  entry  of  4-Nilrobi 
phenyl  inio  regulated  areas,  nonrrgu- 
laird  sreas.  or  the  external  environ¬ 
ment.  should  leakage  or  spillage  from 
the  vessel  of  containment  occur 

lt>  Laboratory  type  hood"  is  a 
device  rnrloxed  on  three  sides  and  the 
lop  and  bottom,  designed  and  main 
lamed  mi  as  lo  draw  air  inward  at  an 
aierage  linear  face  velocity  of  ISO  feel 
per  minute  with  a  minimum  of  125 
fret  pe-  minu.e,  designed,  const rtirled. 
and  maintained  -n  such  a  way  thal  an 
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CHAPTER  1 
EPA  REGULATIONS 
40  CFR  Part  61,  Subpart  B 


60  60  A 


Chapttr  I—  Environmental  FrottcHon  A goncy 


Ap».  0 


.  PAST  61— NATIONAL  EMISSION 
1  STANOASOS  EOS  HAZARDOUS  AIR 
POLLUTANTS 


FEDERAL  AIR  REGULATIONS 
GOVERNING  REiCVAl  0?  FRIABLE 

assestbs: - 


Adopted  by  Allegheny  County 
in  Section  515  of  Article  XX, 
effective  January  1,  1981. 


See. 

61  01  Applicability. 

61  02  Definitions. 

6103  Unlit  and  abbreviation*. 

61  04  -Addrrvs. 

6105  Prvliibatrd  activities. 

61  M  DHrmtrullun  of  const  rvtcl  ion  or 
modi  first  ion. 

61  07  Apolmiion  for  approval  of  eon*!  me¬ 
lton  or  modiftesi  km. 

61  06  ApHonl  tnr  Admnisimior. 

t»l  0*  Notifies  non  o*  >(arti«u 

61  10  Jionrre  rtooriint  and  *nm  request. 

61  1 1  .Vanpf  of  compliance. 

61.12  irsu  and  montiu<ln<. 

61  17  Wairpr  of  fniimwni  ie»*s. 

61  14  Source  test  and  anal  >t  ical  mrf  hods. 
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(2)  Requiring  Ute  owner  or  ooeralor 
•I  a  stationary  source,  other  than  a 
Mationary  source  owned  or  operated 
by  the  United  States,  to  obtain  per¬ 
mits.  licenses,  or  approvals  prior  to  im¬ 
itating  construction,  modification.  or 
eprrsUon  of  such  source. 

iSm.  lie.  Ci MW  Air  Act  m  iwreiM  <42 
DSC  DtlSlI 

IS*  m  M».  Aer.  A  ten.  as  wwsods*  St  II 
m  mo*,  star  x  lets) 

Ml.lt  Oswiallis 

No  owner  or  operator  subject  to  the 
•rosiaiona  ot  this  part  shall  build, 
erect.  Install,  or  uae  any  article  ma¬ 
chine.  equipment,  process,  or  method, 
the  uae  of  which  conceals  an  emission 
which  would  otherwise  constitute  s 
notation  of  an  applicable  standard. 
Such  concealment  Includes,  but  is  not 
tamled  to.  the  uae  of  gaseous  dilutants 
M  schiere  comoiiarc*  with  a  visible 
imlsslons  standard,  and  the  piece  me  si 
carrying  out  of  an  operation  to  avoid 
•oversee  by  s  standard  that  applies 
only  to  operations  Isreer  than  a  speci¬ 
fied  atae. 

t«e  m  seise,  on  it.  imt 

Vrbfwet  I  Mwrisnwf  tmlm'sw 

SSssdsrd  fee  Aab*dw 

ftl  N  AseHraSUMy. 

The  provisions  of  this  subpart  are 
tpulicabie  to  those  sources  specified  in 
1*1.22. 

Mill  Defied  ieaaa 

Terms  used  in  this  subpart  are  de¬ 
fined  in  the  set.  In  Subpart  A  of  this 
part,  or  In  this  section  as  follows; 

is)  ’Asbestos"  means  actinolite. 
sanosite.  snihophyltlte.  chrysotlle,  ero- 
esdolite.  iremolite. 

(at  Asbestos  material"  means  asbes 
to*  or  any  material  containing  asbes¬ 
tos 

ic>  Particulate  asbestos  material 
meant  finely  divided  panicles  of  asbes 
tos  material 

'di  Asbestos  tsihnea  '  means  any 
solid  saste  product  of  asbestos  minins 
or  milling  operations  which  contains 
asbestos 

r)  Outside  air"  means  the  sir  out¬ 
side  buildincs  and  structures 


(t>  "Visible  emissions''  means  any 
emissions  whirh  are  visually  detect¬ 
able  without  the  aid  of  instruments 
and  which  contain  particulate  asbestos 
material. 

is)  Asbestos  milt"  means  any  facili¬ 
ty  misled  in  the  conversion  of  any  In¬ 
termediate  step  in  tne  conversion  of 
asbestos  or  into  commercial  asbestos. 
Outside  stormee  of  asbestos  materials 
is  not  considered  a  part  of  such  facili¬ 
ty. 

'hi  "Commercial  asbestos"  means 
any  variety  of  asbestos  which  la  pro¬ 
duced  by  extracting  asbestos  from  as¬ 
bestos  ore. 

Ill  '  Manufacturing"  means  the  com- 
binine  of  commercial  asbestos,  or  in 
tne  rase  of  woven  friction  products 
the  combining  of  textiles  containing 
commercial  asbestos,  with  any  other 
materialist.  Inrludinc  commercial  as¬ 
bestos.  and  the  processing  of  this  com¬ 
bination  into  a  product  as  specified  In 
I  81.22(c). 

())  Demolition"  means  the  wrecking 
or  taking  out  of  any  load  supporting 
structural  member  and  any  related  re¬ 
moving  or  stripping  of  friable  asbestos 
materials. 

no  "Friable  asbestos  material" 
means  any  material  that  contains 
more  than  1  percent  asbestos  by 
we  is  hi  and  that  can  be  crumbled,  pui- 
vrrtred.  or  reduced  to  powder,  when 
dry.  by  hand  pressure. 

ill  Control  device  asbestos  waste" 
means  any  asbestos-containing  waste 
material  that  is  collected  in  a  pollii 
tion  control  device. 

(ml  Henovation"  means  the  remov¬ 
ing  ui  ttniniim  of  friable  asbestos  ma¬ 
terial  used  on  any  pipe.  duct,  boiler, 
tans,  reactor,  turbine,  furnace,  or 
structural  member  Operations  In 
whim  load  supporting  structural 
mmuberv  are  wrecked  or  taken  out  are 
excluded. 

<n»  Planned  renovation”  means  a 
renovation  npetalton.  or  a  number  of 
win  otwvauons.  in  which  the  amount 
of  triable  sibeatos  material  that  will 
be  removed  or  stripped  within  a  men 
period  -if  iiinc  ran  be  predicted  Oper¬ 
ations  that  are  individually  non  vrlicd- 
uicd  are  included,  provided  a  number 
of  such  operations  ran  be  predicted  to 
occur  during  a  men  period  of  lime 
baaed  on  operating  experience 
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(«>  "Klncreency  renovation"  nmin  a 
renovation  operation  that  results  from 
a  sudden,  unexpected  event,  and  is  not 
a  planned  renovation.  Operations  ne¬ 
cessitated  by  non-routine  failures  of 
equipment  are  included. 

(pi  "Adequately  wetted"  means  suf¬ 
ficiently  mixed  or  coated  with  water 
or  an  aqueous  solution  to  prevent  dust 
emissions. 

<q)  "Removing"  means  taking  out 
triable  asbestos  materials  used  on  any 
pipe,  duct,  boiler,  tank,  reactor,  tur¬ 
bine,  furnace,  or  structural  member 
from  any  ouilding,  structure,  facility, 
or  Installation. 

(r)  "Stripping"  means  taking  off  fri¬ 
able  asbestos  materials  from  any  pipe, 
duct,  boiler,  tank,  reactor,  turbine,  fur¬ 
nace.  or  structural  member. 

(s>  "Fabricating"  means  any  process¬ 
ing  of  a  manufactured  product  con¬ 
taining  commercial  asbestos,  with  the 
exception  of  processing  at  temporary 
sites  for  the  construction  or  restora¬ 
tion  of  buildings,  structures,  facilities 
or  installations. 

<ti  "inactive  waste  disposal  site" 
moans  any  disposal  site  or  portion 
thereof  where  additional  asbestos-con¬ 
taining  waste  material  will  not  be  de¬ 
posited  and  where  the  surface  is  not 
disturbed  by  vehicular  traffic. 

(ul  "Active  waste  disposal  site" 
means  any  disposal  site  other  than  an 
Inactive  site. 

(v)  "Roadways"  means  surfaces  on 
which  motor  vehicles  travel  Including, 
but  not  limited  to.  highways,  roads, 
streets,  parking  areas,  and  driveways. 

Iw)  "Asbestos-containing  waste  ma¬ 
terial"  means  any  waste  which  con¬ 
tains  commercial  asbestos  and  is  gen- 
i-r-.iii'ti  tiv  a  reiifrr  r.sibiei-t  in  llic  |trnvi- 
wm  of  this  support.  Iiiiluilim;  oMms 
to*  mill  L’ltliiirv  control  ilrvirr  nshes- 
tna  waste,  friable  asbestos  waalr  mate 
rial,  and  bags  or  containers  that  previ¬ 
ously  i  oiitUMH-d  cuinmririai  .-v.lH-stu  ; 

ivl  "SltiHiiini  in.-mli.  .  '  inruns  ,my 

load-suppnriiut;  mt-inbt  i.  ucn 
In-  uni  ami  IimiI -ainiuii t ,nc  -satis;  or 
any  non  load  ..uppoi  lm»;  m*-mlN-i, 
such  as  ccillncs  and  non  load  support¬ 
ing  vails. 

Iis  Kn  »«:»  Aiw  S.  iris  u  .men. I.il  ai  vj 

nt  isaas.  May  i.  ins;  »o  nt  wj<>  oei  is. 
irti.  12  nt  IJIri.  Mar  2  ion,  1J  KH 
a.nj,  juiv  i»  rust 


*1111.12  KmisNtim  atsnflanL 

(a)  Asbestos  mills:  There  shall  lie  uu 
visible  emissions  to  the  outside  air 
from  any  asbestos  mill  except  as  pro¬ 
vided  In  paragraph  (f)  of  this  section. 

<b>  Roadways:  The  surfacing  of 
roadways  with  asbestos  tailings  or 
with  asbestos-containing  waste  that  is 
generated  by  any  source  subject  to 
paragraphs  (c).  (d).  (e>  or  (h>  of  this 
section  is  prohibited,  except  for  tem¬ 
porary  roadways  on  an  area  of  asbes¬ 
tos  ore  deposits.  The  deposition  of  as¬ 
bestos  tailings  or  asbestos-containing 
waste  on  roadways  covered  with  snow 
or  ico  is  considered  "surfacing." 

(c)  Manufacturing:  There  shall  be  no 
visible  emissions  to  the  outside  air, 
except  as  provided  in  paragraph  (f)  of 
this  section,  from  any  of  the  following 
operations  if  they  use  commercial  as¬ 
bestos  or  from  any  building  or  struc¬ 
ture  in  which  such  operations  arc  con¬ 
ducted. 

(1)  The  manufacture  of  cloth,  cord, 
wicks,  tubing,  tape,  twine,  rope, 
thread,  yam.  roving,  lap,  or  other  tex¬ 
tile  materials. 

(3)  The  manufacture  of  cement 
products. 

(3)  The  manufacture  of  fireproofing  . 
and  Insulating  material*. 

(4)  The  manufacture  of  friction 
products. 

(5)  The  manufacture  of  paper,  mill- 
board.  and  felt. 

(G>  i  lie  manufacture  of  floor  tile. 

H)  Tile  manufacture  of  paints,  rual 
ines.  caulks,  adhesives,  sealants. 

<8)  The  manufacture  of  plastics  and 
rubber  materials. 

(9)  The  manufacture  of  chlorine. 

iloi  The  manufacture  of  shotgun 

.Sill  til. 

ill)  file  manufacture  ol  asplmll. 
c<»nrr<*!f\ 

id i  Demolition  and  renovation:  The 
requirements  of  this  paragraph  shall 

apply  !'»  -pi>*  ms  hit  »r  opi  i.-iior  nl  a 
ill  nil  is  1 1  mu  or  it-miva!  inn  ofM‘1  al  inn 
who  intends  to  demolish  any  msiaii 
tmnul.  i-intnni Trial,  or  inrtn  trial  imilrt 
big  (incltiuiiig  apartment  bntisliiii... 
having  more  than  four  dwelling  units). 

I.I  mil  lire,  facility.  Installs!  um.  or  pnr 
tinn  I  hereof,  whlehciilll.su’  .  shy  pine, 
sluct.  boiler,  tank,  reac-tui .  turbine,  iur 
nuee.  nr  "t ruetural  mrmbi-r  ihat  i..  cov- 
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ercd  or  coated  with  friable  xxbestos 
material,  except  as  provided  in  para¬ 
graph  <dXl)  of  this  section;  or  who  in- 
Unds  to  renovate  any  institutional, 
commercial,  or  Industrial  building, 
struct ure.  facility,  installation,  or  por¬ 
tion  thereof  where  more  than  80 
meters  (ca.  260  (eet)  of  pipe  covered  or 
coated  with  friable  asbestos  material 
are  stripped  or  removed,  or  more  titan 
15  square  meters  (ca.  160  square  feel) 
of  friabie  asbestos  material  used  to 
cover  or  coat  any  duct,  boiler,  tank,  re¬ 
actor,  turbine,  furnace,  or  structural 
member  are  stripped  or  removed. 

(1X1)  The  owner  or  operator  of  a 
demolition  operation  Is  exempted  from 
the  requirements  of  this  paragraph: 
Provided.  (A)  the  amount  of  friable  as¬ 
bestos  material  in  the  building  or  por¬ 
tion  thereof  to  be  demolished  Is  less 
than  80  meters  (ca.  2§0  feet)  used  to 
Insulate  pipes,  and  less  than  15  square 
meters  (ca.  160  square  feet)  used  to  In¬ 
sulate  or  fireproof  any  duct,  boiler. 
Unk.  reactor,  turbine,  furnace,  or 
structural  member,  and  (B)  the  notifi¬ 
cation  requirements  of  paragraph 
(dKlKii)  are  met. 

(II)  written  notification  shall  be 
postmarked  or  delivered  to  the  Admin¬ 
istrator  at  least  20  days  prior  to  com¬ 
mencement  of  demolition  and  shall  in¬ 
clude  the  Inform? tion  required  by 
paragraph  (dX2)  of  this  section,  with 
the  exception  of  the  information  re¬ 
quired  by  paragraphs  (dX2)(iii),  <vl), 
(vii).  (vili).  and  (ix),  and  shall  slate  the 
measured  or  estimated  amount  of  tri¬ 
able  asbestos  materials  which  13  pres¬ 
ent.  Techniques  of  estimation  shall  be 
explained. 

(2)  Written  notice  of  intention  to  de¬ 
molish  or  renovate  shall  be  provided 
to  the  Administrator  by  the  owner  or 
operator  of  the  demolition  or  renova¬ 
tion  operation.  Such  notice  shall  be 
postmarked  or  delivered  to  the  Admin¬ 
istrator  al  least  10  days  prior  to  com- 
metu  •  nn-ni  of  demolll  mu.  or  its  early 
as  possible  prior  to  commencement  of 
riiiofin-ncy  demolition  subject  to  para¬ 
graph  (d)(6)  of  tills  section,  and  as 
early  as  possible  prior  to  commence¬ 
ment  of  renovation.  Such  notice  shall 
In-tudc  i tie  following  Information: 

(i)  l.’aine  of  owner  or  operator. 

Ill)  Address  of  ow-ner  or  operator. 


40— fralidiwi  of  Isviiwioiei 

(ill)  Description  of  the  building, 
structure,  facility,  or  installation  to  be 
demolished  or  renovated.  Including 
the  size.  age.  and  prior  use  of  the 
structure,  and  the  approximate 
amount  of  friable  asbestos  materials 
present. 

(iv)  Address  nr  location  of  the  build¬ 
ing.  structure,  facility,  or  installation. 

(v)  Scheduled  starting  and  comole- 
lion  dates  of  demolition  or  renovation. 

(vl)  Nature  of  planned  demolition  or 
renovation  and  method(s)  to  be  em¬ 
ployed. 

(vii)  Procedures  to  be  employed  to 
meet  the  requirements  of  this  para¬ 
graph  and  paragraph  (J)  of  this  sec¬ 
tion. 

(vili)  The  name  and  address  or  loca¬ 
tion  of  the  waste  disposal  site  where 
the  friable  asbestos  waste  will  be  de¬ 
posited. 

(ix)  Nmnc.  title,  and  authority  of  the 
State  or  local  governmental  repre¬ 
sentative  who  has  ordered  s  demoli¬ 
tion  which  Is  subject  to  paragraph 
(dX6)  of  this  section. 

<3Xi)  For  purposes  of  determining 
whether  a  planned  renovating  oper¬ 
ation  constitutes  a  renovation  within 
the  meaning  of  this  paragraph,  the 
amount  of  friable  asbestos  material  to 
be  removed  or  stripped  shall  be: 

(A)  For  planned  renovating  oper¬ 
ations  involving  individually  non- 
schedulcd  operations,  the  additive 
amount  of  friable  asbestos  material 
that  can  be  predicted  will  be  removed 
or  stripped  at  a  source  over  the  maxi¬ 
mum  period  of  time  for  which  a  pre¬ 
diction  can  be  made.  The  period  shall 
be  not  less  Ilian  30  clays  and  not 
longer  than  one  year. 

(B>  For  each  planned  renovating  op¬ 
erate  n  not  covered  by  paragraph 
(dX3Xi)(A),  the  total  amount  of  fri¬ 
able  asbestos  material  that  ran  be  pre- 
ilii-led  will  Im-  removed  nr  I  ripped  at  a 
Mtiirrr. 

(ii)  l-'nr  purpose-;  of  ile'ernunini- 
wlvctlier  an  emergency  rcuoval  ini*  op¬ 
eration  ronslitules  a  renovation  within 
litc  meaning  of  this  paragraph,  the 
amount  of  friable  asbestos  material  to 
be  removed  or  stripped  shall  be  the 
total  amount  of  friable  asbestos  mate¬ 
rial  that  will  be  returned  nr  stripped  as 
it  result  of  the  sudden,  unexpected 
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event  that  necessitate  the  renova¬ 
tion. 

(4)  The  follow  inf  procedures  shall 
Be  used  to  prevent  emissions  of  partle 
ulate  asbestos  material  to  outside  sir: 

(i)  Friable  asbestos  materials,  used 
on  any  pipe,  duct,  boiler,  lank,  reactor, 
turbine.  furnace,  or  structural 
member,  shall  be  remove  from  any 
building.  structure,  facility  nr  installa¬ 
tion  subject  to  this  parasranh.  Such 
removal  shall  occur  before  wrecking  or 
dismantling  of  any  portion  nf  such 
building,  structure,  facility,  or  installa¬ 
tion  that  would  break  up  the  friable 
asbestos  materials  uid  before  wreck¬ 
ing  or  dismantling  of  any  other  por¬ 
tion  of  such  building,  structure,  facili¬ 
ty.  or  installation  that  would  preclude 
access  to  such  materials  for  subse¬ 
quent  removal.  Removal  of  friable  as¬ 
bestos  materials  used  on  any  pipe, 
duct,  or  structural  member  which  are 
encased  i it  concrete  or  olhi-r  similar 
structural  material  fs  not  required 
prior  to  demolition,  but  such  material 
shall  be  adequately  wetted  whenever 
exposed  during  demolition. 

(Ill  Friable  asbestos  materials  used 
on  pipes,  ducts,  boilers,  tanks,  reac¬ 
tors,  turbines,  furnaces,  or  structural 
members  shall  be  adequately  wetted 
during  stripping,  except  aa  provided  in 
paragraphs  (dKSMivi,  (dX4xvn  or 
(dx-txvu)  of  this  section. 

(til)  Pipes,  ducts,  botlers.  tanks,  rcac 
tors,  turbines,  furnaces,  or  strut!  ural 
mcml.-'rs  that  are  rovered  or  coaled 
with  friable  asbestos  materials  may  be 
taken  out  of  any  building,  structure, 
facility,  or  installation  jubiecl  to  this 
pararranh  as  units  or  In  se< lions  pro¬ 
vided  the  friable  asbesloa materials  ex¬ 
posed  during  rutting  or  inxiointing  are 
adequately  wetted  iliulne  the  luUiiu; 
or  disjointing  operation.  Such  units 
shall  not  be  dropped  nr  thrown  to  the 
ground.  but  shall  be  meftuiy  inwrred 
to  ground  level 

(iv i  Tlu  .t  ripping  of  friable  ar-be-.ios 
m  ill  n  K  u-.nl  mi  aii>  i'u-\  -Uu  ’ 
boiler,  lank,  reactor,  turbine.  lurnaie. 
or  *f rurf ural  member  (hat  hies  he'-n 
ri-tnuvnl  .is  i  mill  or  lu  m-t-ihuin  ,xs  pro 
vlded  in  paragraph  id  as  null  of  tins 
section  shall  be  performed  in  accord 
anre  with  paragraph  utHtXiii  n(  this 
section  rtaliicr  tlian  comply  with  Hie 
wetting  requirement,  a  local  exhaust 


ventilation  and  roller* ton  system  may 
be  used  to  prevent  emissions  to  the 
outside  air  Such  local  exhaust  ver.'.tla 
lion  v,  slrnvs  shall  be  designed  and  op¬ 
erated  tu  caplure  the  aabe-to*  particu¬ 
late  matter  produced  by  the  stripping 
of  friable  asbestos  material.  There 
shall  he  no  visible  emissions  tu  the 
outside  air  from  such  local  exhaust 
ventilation  and  collection  systems 
except  as  provided  in  paragraph  (?>  of 
this  scetmn. 

tvt  All  fr-able  asbestos  materials 
that  have  been  removed  or  stripped 
shall  be  adequately  wetted  to  ensure- 
that  such  materials  remain  wet  during 
all  remaining  stages  of  demolition  or 
renovation  and  related  handling  opwr 
alions.  Such  materials  shall  not  be 
dropped  or  thrown  to  the  ground  or  a 
lower  floor.  Such  material.,  that  have 
been  removed  or  stripped  more  than 
50  feet  above  ground  level,  except 
ihvsr  m.vli-rmls  rrinnvrd  as  units  or  in 
sect  km  is.  shall  be  transported  tu  the 
ground  via  (fust-tight  rhu'.cs  or  con¬ 
tainers. 

(vii  Except  as  specified  below,  the 
wetting  requirements  of  this  para¬ 
graph  arc  suspended  when  the  tem¬ 
perature  at  the  point  ol  wetting  is 
below  O'C  (J2*F>.  When  friable  ssb*-» 
to*  materials  are  not  we'ted  due  to 
freezing  temperature*,  such  materials 
on  pipes,  ducts,  boiler*,  tanks,  reac¬ 
tors.  turbine,,  furnace*,  or  structural 
members  shall,  to  the  maximum 
extent  possible,  be  removed  a*  unus  or 
in  mus  prior  to  wrecking.  I:i  no 
ca.sc  shall  the  requirements  of  ;>ai  i 
graphs  i d X 4 ’I iv )  or  <dX4i‘v>  be  sus- 
pi-ndcd  due  to  (reeking  lenipcrainT»s. 

(vii)  For  renovation  operation*  iural 
exhauvt  ventilation  and  collection  sys¬ 
tem*;  iteiv  h--  ur.ed.  instead  of  v.-iting 
as  specified  in  paragraph  fdulxui.  to 
presen'  emissions  of  particulate  asbes¬ 
tos  m.dt-rial  to  oulsidr  air  when 
damn-—  to  r-quipmcnt  rc-'ilMna  frn»n 
liu*  vvl'-uv  would  be  -in  ivu  '  iplr 

Hirin'  . . .  I  tud  .ntudv  •»(  >-l. 

uiloi iii  vliun.  ilu-  Adttuni ,tr. vim  -.viti 
di-irrm-n>*  whether  damage  lo  ";uip 
mi  ni  r-MiUirur  from  vvrtlir.it  lo  rnmplv 
will;  Mu-  provisions  ul  tin:,  pai  a.  t  a  pit 
would  be  unavoidable  Such  lorai  <-s. 
hau-;t  . cntilanon  systems  shall  hr  or 
-.ifti'-il  and  oprratr  i  in  ran*urr  '.in-  v* 
bexios  paru-dlaie  natter  produtvl  by 
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the  stripping  and  remoral  of  friable 
asbestos  material.  Thera  (bail  be  no 
visible  emissions  to  the  outside  air 
(Tom  such  local  exhaust  ventilation 
and  collection  system*,  except  a*  pro- 
ndcd  m  paragraph  (f)  of  tliu  section. 

1 5 >  Source*  subject  to  this  paragraph 
are  exempt  from  the  requirements  of 
ii  Ct.OSta).  61.17.  and  61.39. 

(6>  The  demolition  of  a  buildine. 
structure,  facility,  or  installation,  pur¬ 
suant  to  an  order  of  an  authorised  rep¬ 
resentative  ol  a  Stale  or  local  govern 
•enial  agency,  issued  because  that 
budding  is  structurally  unsound  and  in 
ranger  of  Imminent  collapse  is  exempt 
from  all  but  the  following  require¬ 
ments  of  paragraph  'd>  of  this  section: 

(1)  Tile  notification  requirements 
mecifled  by  paragraph  <dX2l  of  this 
section. 

(it)  The  requirements  on  stripping  of 
friable  asbestos  materials  from  prcvi- 
•I'ly  removed  units  or  sections  as 
specified  in  paraeraph  (dxSHivi  of 
this  section: 

flii)  The  wetting,  as  specified  by 
paragraph  (dXSXvl  of  this  section,  uf 
friable  asbestos  materials  that  lure 
kren  remuved  or  stripp'd: 

(Ivi  The  portion  of  the  structure 
being  demolished  that  contains  friable 
a-bc.Un  materials  shall  he  adivj.iat'  ly 
vetted  during  the  wrccXIng  opera!  um. 

tel  Spraying:  There  shall  be  no  uii- 
blc  emissions  lo  the  outside  air  (mm 
Uie  sprky-on  application  of  mxferiaix 
containing  more  than  l  percent  asbrs- 
toa.  on  a  dry  weight  basts,  used  un 
equipment  and  innchmery.  except  as 
srovided  In  paragraph  (f)  of  this  sec 
tion.  Materials  sprayed  on  buildings, 
aruclures.  pipes,  and  conduits  shall 
contain  less  than  1  percent,  asliesios 
a  dry  weirhl  basis. 

<  l)  Sources  subji-ct  tu  IIils  painri  » ; .Ii 
sre  exempt  irom  the  requirements  >>( 
lfll  05ta!.  1 11.03.  and  1  61.09 

(2)  Any  owner  or  operator  alio  in. 
lends  to  spray  asbestos  tea' i  fists 
which  contain  more  than  1  percent  d.- 

bc.slu.s  lit  1  :i  ill  V  IVi'leh!  ll:r.l  lo  III  .  |. 
late  or  fireproof  ctiuipiiu-ul  ;u.d  •  >t  t 
rhinery  shall  report  such  intention  to 
the  Administrator  at  Iciest  20  days 
prior  to  the  commencement  of  the 
•praying  operation.  Sucli  report  oh:, I! 
include  the  following  information 

(I)  Name  o(  owner  or  operator 


till  Addrew  of  owner  or  operator. 

(ill)  Lsjcatton  uf  spraying  oirration. 

tiv)  Procedure*  to  be  followed  to 
meet  the  requirements  of  Ihis  para¬ 
graph. 

(3)  The  spray-on  applirafon  of  ma¬ 
terials  in  which  the  asbestos  libers  are 
encapsulated  with  a  bituminous  or  re¬ 
sinous  binder  during  spraying  and 
which  are  not  fnaote  alter  dr>mg  is 
exempted  from  the  requirements  of 
paragraphs  ir>  and  (eK3>  of  this  sec¬ 
tion 

(f)  Rather  than  meet  the  no  visible- 
emission  requirements  a*  specified  by 
paragrapfu  (al.  let.  rd>.  let.  (hi.  ijt. 
and  ix>  of  this  section,  an  owner  or  op 
era  tor  may  elect  to  use  the  methods 
specified  by  1  61.23  In  clean  emixs'oivs 
containing  particulate  asbestos  materi¬ 
al  before  such  emtastona  escape  to.  or 
are  vented  to.  the  outside  air 

< St >  Where  the  presence  of  uncom- 
Pined  vraier  is  the  sole  reason  for  fail¬ 
ure  to  mi  -1  ili e  uo  risiblr-emission  re¬ 
quirement  of  taragrapha  tai.  ic>,  'ill. 
'e).  (h).  (J).  or  <k>  of  thta  section,  such 
failure  shall  not  be  a  violation  of  such 
emission  requirements. 

(h)  Fabricating:  There  shall  be  no 
visible  cmisxio*  »  to  the  outside  air. 
except  .ao  piiivn.nl  In  paragraph  <•>  of 
this  M-rtuin.  from  any  of  the  following 
ooeratiuhs  if  the y  uie  commercial  a.-, 
beslos  or  from  any  building  or  struc¬ 
ture  m  whirh  such  operations  are  con¬ 
ducted 

tli  riu-  fabrication  of  cement  build¬ 
ing  products. 

t2>  The  fabrication  of  friction  prod¬ 
ucts.  except  thoae  operations  that  pri 
martly  install  asbestos  friction  matere 
als  on  motor  vehicles. 

(3)  1  he  fabrication  uf  cement  or  sill- 
cafe  hoard  for  ventilation  (mods, 
ovc'i  -.  elect  ra  il  panels;  laboratory 
furniture.  oulkueaiLs.  partitions  and 
r-iluifts  lor  marine  construction;  and 
I'mv  rontrul  devices  for  the  mullet! 
met  ;ti  inilust  ry. 

m  Insulating:  Molded  insulaum;  tits 
lt-ii.il.  which  are  fiiahle  ami  ww  ap 
plied  insulating  material*  which  an- 
friable  aficr  drylnc.  installed  alter  Uie 
t-flective  date  of  tliese  rer.ulations. 
shah  contain  no  commercial  nsb'-stos. 
The  provisions  ol  this  paragraph  do 
nut  apply  to  insulating  materials 
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which  off  spray  applied:  such  materi¬ 
al*  an*  regulated  under  I  61.22(e) 

( j )  WiwK  disoooal  for  manufiu-tur 
lug.  fabricating.  demolition.  renova 
tion  and  spraying  operations;  The 
owner  or  operator  of  any  source  cov¬ 
ered  under  the  orovutona  of  para¬ 
graphs  (ct.  <tll.  <rt.  or  r fa i  of  thie  sir 
lion  shall  meet  the  following  stand- 
arts; 

(I)  There  shall  be  no  risible  emis¬ 
sions  to  the  outside  air.  except  as  pro¬ 
vided  In  paragraph  ( J  K 3  >  of  Ihia  sec¬ 
tion.  during  the  collection;  processing. 
Including  Incineration;  packaging; 
transporting;  or  deposition  of  any  as¬ 
bestos-containing  waste  material 
which  Is  generated  by  such  source. 

12)  All  asbestos-containing  waste  ma¬ 
terial  shall  be  deposited  St  waste  dis¬ 
posal  sites  which  are  operated  In  at- 
cordance  with  the  provisions  of  <  81. 23. 

(3)  Rather  than  meet  the  require¬ 
ment  of  paragraph  (JKl)  of  this  sec¬ 
tion.  an  owner  or  operator  may  elect 
to  use  either  of  the  disposal  methods 
specified  under  <JX3)  (I)  and  <il)  of  this 
section,  or  an  alternative  disposal 
method  which  has  received  prior  ap¬ 
proval  by  the  Administrator 

<!>  Treatment  of  osbestao-eontaining 
waste  material  with  water; 

(A)  Control  device  asbestos  waste 
shall  be  thorooehly  mixed  with  water 
Into  a  slurry  and  other  asbestos-con¬ 
taining  waste  material  shall  be  ade¬ 
quately  wetted.  There  shall  be  no  visi¬ 
ble  emissions  to  the  outside  air  from 
the  collection,  mixing  and  wetting  op¬ 
erations.  except  a a  provided  in  para¬ 
graph  (f)  of  this  section. 

<B)  After  wetting,  all  asbestos  ron- 
Laming  waste  material  shall  be  sealed 
Into  leak  tight  containers  while  wei, 
and  such  containers  shall  be  deposited 
at  wx.te  dh.pusnl  Mte-.  which  an-  u|..-r 
aced  in  accordance  with  I  he  pi  -c.  i-i, 
of  5  Cl. 25. 

(O)  The  containers  specified  under 
paragraph  <JK.1Kliim  of  in,-,  u-.-iii.m 
shall  be  labeled  with  a  warmur.  label 
that  slates; 
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Caution 

Contains  Asbestos 
ilinlitO|Anllgll* 
fire  iking  Container 
P.-nthmi  Asbestos  Is  Hazardous 
to  Your  Health 
Alternatively,  warning  labels  specified 
bv  Occupational  Safety  and  Health 
Standards  01  the  Department  of 
Labor.  Occupational  Safety  and 
Health  Administration  (OSHA)  under 
29  Cm  1910 .93af«K2X«<>  may  be  used. 

til)  1’rucesaing  of  asbestos containing 
waate  material  into  non-fnable  lorms: 

(Al  ,Mt  asbestos-containing  waste 
material  shall  be  formed  intei  non  fri¬ 
able  pcllrts  or  other  shapes  and  depos¬ 
ited  al  waste  disposal  sites  which  are 
operated  in  accordance  with  Ihe  arovi- 
sions  of  i  81.25. 

(P)  There  shall  be  no  visible  emis¬ 
sions  lo  the  outside  air  from  tfv*  col¬ 
lection  and  processing  of  asbestos  con  - 
taimnv  waste  material,  except  as  speci¬ 
fied  in  paragraph  (l)ol  this  section. 

14)  For  the  purposes  of  this  para 
graph  i  j  >.  the  term  all  ubrst  os-con  - 
taming  waste  material  as  applied  In 
demolition  and  renovation  operations 
covered  by  paragraph  id)  of  this  see 
lion  includes  only  friable  asbestos 
waste  and  control  device  asbestos 
waste. 

(X)  Waste  disposal  for  asbestos  mills. 
The  u. viler  or  operator  ol  any  source 
covered  under  the  provisions  of  p'ri- 
urauli  la)  of  this  section  shall  me.  I 
the  following  jlandard: 

ll>  There  shall  be  no  visible  cpd*. 
sions  trj  the  outside  air.  except  is  pro¬ 
vided  t:i  parajrnph  lk)(3i  of  th.v  sec- 
lion,  during  (he  collection,  prmmwins. 
tint  k.i-.-inu.  transpoi  ting  or  ilt-pn  ..Imn 
of  an-.  •  .li.-sliis  eontaiimvj  -vn.de  d- 
nil  1 1  i .  i-i  ni-ratv'd. hy  sm-h -.mu .  *• 
13)  All  :u.he  .1  os  cuiitauiihc  wash-  m.t 
('•rial  ohall  he  deposited  at  waste  <ji- 
po.al  Mies  wtueti  are  operated  in  ai 
eoi  d.iiu-r-  V.  Il  ii  the  prnv  isicms  o(  i  i  1.2.'. 

13)  Hal  hit  ( linn  meet  the  iirjiue 
men!  of  paragraph  (kHI)  of  Mm  sec¬ 
tion,  an  owner  or  otx-iator  may  i-ln-i 
lo  ine.-t  the  following  requirements  m 
paragraphs  (H)(3)  II)  and  (ii).  or  use  an 
lilt .  1 1.  .1 1.  I-  ill  Onsal  method  win- t,  ties 
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received  prior  Approval  by  the  Admin- 
■trator. 

(I)  There  shall  be  no  visible  emis¬ 
sions  to  the  outside  air  from  the  trans¬ 
fer  of  control  device  asbestos  waste  to 
the  tailings  conveyor,  except  as  pro¬ 
vided  in  paragraph  (O  of  this  section. 
Such  waste  shall  be  subsequently 
processed  either  as  specified  In  para¬ 
graph  <kx3xtt)  of  this  section  or  ss 
specified  in  paragraph  <1X31  of  this 
section. 

(Ill  All  wthestoa-conlalnin*  waste  ma¬ 
terial  shall  be  adequately  mixed,  with 
a  netting  agent  recommended  by  the 
manufacturer  of  the  agent  to  effec¬ 
tively  wet  dust  and  tailings,  prior  to 
deposition  at  a  waste  disposal  site. 
Such  agent  shall  be  used  is  recom¬ 
mended  lor  the  particular  dust  by  the 
manufacturer  of  the  agent.  There 
shall  be  no  discharge  of  visible  emis¬ 
sions  to  the  outside  sir  from  the  wet¬ 
ting  operation  except  as  specified  in 
paragraph  <f)  of  this  section.  Wetting 
may  be  suspended  when  the  ambient 
temperature  at  the  waste  disposal  site 
la  lesa  than  -9.3'  C  (ca.  IS-  FV  The 
ambient  air  temperature  shall  be  de¬ 
termined  by  an  appropriate  measure¬ 
ment  m-thod  with  an  accuracy  of  1 1* 
C  ( 2*  F)  and  recorded  at  least  si 
hourly  Intervals  during  the  period 
that  the  operation  of  the  wetting 
system  is  suspended.  Record*  of  vich 
temperature  measurements  limit  Or 
retained  at  the  source  for  a  minimum 
of  2  years  and  made  available,  (nr  in¬ 
spection  by  the  Administrator 

(1)  The  owner  of  any  Inactive  waste 
disposal  site,  which  was  operated  by 
sources  covered  under  \  01.22(a).  tel  or 
<h)  and  where  asbestos -containing 
•ash-  material  produced  by  sueli 
sources  was  deposited,  shall  meet  tin- 
follow  mg  standards: 

(1)  There  shall  be  no  visible  emis¬ 
sions  Lo  the  ouf side  air  from  an  inac¬ 
tive  waste  disposal  ailc  subject  lo  (Ins 
pui  .0*1 :» ill i,  esi-ejil  a  ;  provided  m  jiaru- 
fiupli  llMUlut  till..  MCI  lion. 

!2)  Warning 'signs  shall  be  displayed 
st  all  entrances,  and  along  the  proper¬ 
ty  line  of  the  site  or  alone  the  perim¬ 
eter  of  the  sections  of  the  site  where 
asbestos  containing  waste  material  w  as 
deposited,  at  Intervals  of  100  m  tea 
J30  ft )  or  less,  except  as  specified  in 
paragraph  tlx  4)  of  this  section  t^ens 
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shall  be  posted  In  such  a  manner  and 
location  that,  a  person  may  easily  rend 
the  legend.  The  warning  signs  re¬ 
quired  by  this  paragraph  shall  con¬ 
form  to  the  requirements  of  20"  x  14" 
upright  formal  signs  specified  tn  29 
CFR  1910  145(dK4)  and  this  para¬ 
graph.  The  signs  stud)  display  the  fol¬ 
lowing  legend  in  the  lower  panel,  with 
letter  sixes  and  styles  of  a  visibility  at 
least  equal  to  those  specified  in  this 
paragraph. 

tmss 

Assam*  Won  Diseases.  Snx 
Do  XvrCunt  Dear 

Breathing  Asbestos  is  HassrSnus  to  Your 
Health 

Hot  st  Ion 

f  Sana  Sent.  Hostile  or  Block 

V  Sana  Serif.  Gothic  or  Block 
14  Point  Gothic 

Spacing  between  lines  shall  be  at  least 
equal  to  the  height  of  the  upper  of  the 

two  lines. 

(31  The  perimeter  of  the  site  shall  be 
fenced  In  a  manner  adequate  to  deter 
access  hy  the  general  public,  except  as 
speeifled  in  paragraph  tlX4>  of  this 

section. 

(41  Warning  signs  and  frnebur  are 
not  required  where  the  requirements 
of  paragraphs  (1X51  (I)  or  < It >  of  this 
section  are  met.  or  where  a  natural 
barrier  adequately  detent  access  by  I  he 
general  public.  Upon  request  and 
supply  of  npurnprtalr  information,  the 
Administrator  will  drli-muue  whether 
a  fence  nr  a  natural  barrier  adequately 
deters  nert-.s  to  the  general  public 

(5)  Rather  than  meet  the  require¬ 
ment  of  paragraph  <Utl)  of  this  sec¬ 
tion.  an  owner  may  rirel  to  meet  th- 
1 1  -  in  ii  eme  nl:.  ul  the.  p.tiarruph  or 
mrtv  liar  an  alternative  control  niellim! 
n.i  i  tut'.'  toil*,  tioiii  in.u-titi*  vva  .ie  ill: 
posal  sites  which  has  received  pi  mi 
spurn. al  by  the  Administrator. 

it)  The  asbestos-containing  waste 
material  shall  be  coveierl  aith  at  least 
IS  centimeters  tea  S  inches)  of  com 
pact»’d  non  asiH-Mtns  eon' aimug  mate 
rial,  and  a  cmrr  of  vegetation  .hall  be 
grown  and  maintained  on  the  grea 
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adequate  to  prevent  exposure  of  tlie 
ubestos-containmg  waste  material,  or 
(ii)  The  aabcstos-cqnlainine  waste 
material  shall  be  covered  with  at  least 
60  centimeters  tea.  2  feet)  of  compact¬ 
ed  non-asbestoa-corttalning  material 
and  maintained  to  prevent  exposure  of 
me  asbestos-containing  waste;  or 
Oti)  For  inactive  waste  disposal  si  tea 
for  asbestos  tailings,  a  resinous  or  pe¬ 
troleum-based  dust  suppression  agent 
which  effectively  binds  dust  and  con¬ 
trols  wind  erosion  shall  be  applied. 
Such  agent  shall  be  used  as  ri-com. 
mended  for  the  particular  Mbestcm 
tailings  by  the  dust  suppression  agent 
manufacturer.  Other  equally  effective 
dust  suppression  agents  may  Abf  u**. 
upon  prior  approval  by  the  Adminis¬ 
trator.  For  purposes  of  tins  paragraph, 
waste  crankcase  oil  is  not  considered  a 
dust  suppression-  agent. 

™  gs as  Aof.  8.  1933.  •»  amended  it  39 
Fft  13396.  May  3.  1934:  40  Fit  4*299.  Oet.  it. 
1*1S:  43  FR  2*334.  June  1».  193*1 

1 61.23  Al»-e6ea"l««- 

If  air-cleaning  la  elected,  as  permit¬ 
ted  by  |1 81.2210  and  81.22ld)MHlv). 
the  requirements  of  this  section  must 

^ a)* Fabric  filter  collection  devices 
must  be  used,  except  as  noted  in  para¬ 
graphs  (b)  and  (c>of  this  section,  buch 
devices  must  be  operated  at  a  prr  -viin- 
drop  of  no  more  than  4  inches  water 
KnKi>,  ns  measured  sen  it,  Hi-  '""'f 


fabric.  Tlie  airflow  permeability.  as 
termtned  by  A3TM  method  DTO-W. 
must  not  exceed  30  U7»nm/ft  |nr 
woven  fabrics  or  35  fl’/mm/U  lor 
felted  fabrics,  except  that  40  It  /min/ 
ft*  lor  woven  and  45  ftvmtn/ft  for 
letted  fabrics  Is  allowed  for  filtering 
air  from  asbestos  ore  dryers.  Kacn 
square  yard  of  felted  fabric  must 
weigh  at  least  14  ounces  and  be  at 
leut  one-sixte«nth  inch  Ihicx 
throughout.  Synthetic  fabrics  must 
not  contain  fill  yarn  oilier  than  that 
which  u  spun. 

lb)  If  the  use  of  fabric  filters  creates 
a  iii  r  nr  rsplosiun  ha/.ard.  Urn  admin¬ 
istrator  may  authorize  the  u->e  ol  wet 
collectors  designed  to  operate  with  a 
unit  contacting  energy  ot  at  least  10 
inches  water  cage  pressure. 

(c)  The  administrator  may  authorize 
the  use  of  filtering  equipment  other 


than  that  described  In  pnxacraphs  (u 
and  (b)  of  this  section  if  tl»e  owner  or 
operator  demonstrates  to  the  satisfac¬ 
tion  ot  the  administrator  th-tt  the  111 
lenng  of  parttc-fafe  asbestos  materia 
is  equivalent  to  that  of  the  described 

CQ\UP*T\V(\t. 

td)  M  air-cleaning  equipment  an- 
tliori'  s-d  by  this  section  must  be  prnjr 
-rly  installed,  used,  operated,  and 
maintained.  Bypass  devices  may  be 
used  only  during  upset  or  emergency 
conditions  and  then  only  for  so  lomr  as 
it  laf-.rs  to  shut  down  the  operation 
generating  the  particulate  a.,)»-itn» 
material. 

{3*  r-K  8626.  Apr  ».  1*33.  “  anemdrd  at  40 
FR  46302.  Ocf  14.  19251 

(!«t.Jt  Keieirting. 

The  owner  or  operator  ot  any  exist¬ 
ing  source  to  which  this  suboart  is  ap¬ 
plicable  shall,  within  90  days  after  the 
effective  date,  provide  the  following 
Information  to  the  administrator 

(a)  A  description  of  the  emission 
control  equipment  used  for  each  ;>ruc 

'Tbi  If  a  fabric  filter  device  is  used  to 
control  emissions,  the  pressure  drop 
across  the  fabric  filter  In  inches  water 

tl)  rf  the  fabric  filter  device  utilizes 
a  woven  fabric,  the  airflow  permeabil¬ 
ity  ui  ft  Vininfft'  and.  if  the  fabric  is 
syni  iu-lir.  indicate  whether  the  fill 
yiu  n  I..  ipMit  or  n«*i  spun. 

(2)  If  the  labrtc  idler  device  cl ili.a--. 
a  felted  fabric,  the  density  moz/.trt  . 
the  minimum  thickness  in  iiictu-.,,  and 
live  airflow  permeability  in  ttVnun/ 
ft  \ 

(c)  For  sources  subject  to  51  S l  22t  J 1 
and  6 1.221  kb 

(DA  brief  description  of  each  proc¬ 
ess  that  generates  asbestos-containing 
waste  material. 

(2)  Thr  average  weight  of  asbestos- 
containim;  waste  material  dispo.-d  ot. 
measured  in  kg/day. 

(  t3i  The  emission  control  me'licds 
Vised  m  all  stages  of  waste  disposal. 

I  (4)  the  type  of  de.pusa!  it «•  or  "i’  :n 

v  cralion  site  used  for  ultimate  disposal. 
3  Uve  name  of  the  site  operator,  ami  tlie 
name  and  location  of  lh-  <li  .tios-vl  it- 
e  td)  I- or  sources  subp-rt  to  1  t>l  32  ’  > 
r  <  D  A  brief  description  of  tlie  si  it. 
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<2>  The  methotl  or  methods  used  to 
comply  with  the  standard,  or  alterna- 
live  procedures  to  be  used. 

(e>  Such  information  ’holl  accomp  - 
ny  the  information  req'iired  by  J  S^lO. 

The  information  described  In  thU  see 
tion  shall  be  reported  using 
format  of  Appendix  A  of  this  par  . 

<gw  114.  Clean  Air  Act  «  <« 

»"AW,  19r,„  amended  at  40 

19131  £ 

141.25  Waste  di«|w»l  nifea.  , 

in  order  to  be  an  «ceptabie  stte^or 

disposal  of  “b^«T)  anS  (It)  an  ; 
material  under  *  61.221  JJ  ana  \  .  < 

Active  waste  disposal  site  shall  meet 
the  requirements  of  this  section. 

...  There  shall  be  no  visible  emis 
to  the  outside  air  from  any 
ic°We  waste  disposal  site  whereas^; 

sss-srsssars: 

•’ITwiS.SSS  S. *•<■»*£ 

•t  all  entrances,  and  alone  the  proper 
Ty  hne'  o^e  site  or  alone  the  perlm- 
eter  of  the  sections  of  the  site  wnerc 

asbestos-containing  il  * 

deposited,  at  intervals  of  100  m i  (CA- 
S30  ft)  or  lesa  except  as  specified 
paragraph  (d)  of  this 
shall  be  posted  In  «*T -a  manner  and 
location  that  a  person  may  easily  res. 
the  legend.  The  warning  signs  re¬ 
quired  by  this  paragraph .shall  con¬ 
form  to  the  requirements  o  M  ' 

upright  format  signs  specified  in.' 
CFR  1910.145(d)(4)  w\d  thls  P*Y* 
nD|.  The  slipis  shall  display  tbc  f  * 

least  equal  to  those  specified  In  thi. 
paragraph. 


AsersTOi  Wast*  Discos*!.  Sitk 
Do  Not  Create  Dust 

Breathing  Asbestos  is  Hasardm.s  to  Your 
Health 

Notation 

Sails  Serif.  Oothie  or  Block 
a,-  Sana  Serll.  Ootltic  or  Block 


14  point  Oothie 

Spacing  between  line*  shall  be  at  least 
25S2  to  the  height  of  the  upper  of  the 

tW(ri  The  perimeter  of  the  disposal  site 
,n  .«*«“" 1,11 

this  section.  are 

mi  Warning  signs  and  fencing  are 

not* 'required  where  the  requirements 
ofnlraCTaph  (C)(l>  Of  this  section  are 
me?  or^hcrc  a  natural  barrier  ade- 
deters  access  to  the  general 
public.  Upon  request  and  supply  of  &P’ 
proprlatc  information,  the  Adl"'"ls  ' 
tor  will  determine  whether  a  fence 
.natural  barrier  adequately  deters 
access  to  the  general  PUbHb- 
(e)  Rather  than  meet  the  require 

^ofpsragraphiaiofjhls^t.om 

meet’""*?  requirements  of  paragraph 
(eg  1)  or  (c)(2)  of  this  secMon  or  may 
use  an  alternative  control  n.c  Jfo 
emissions  from  “tivewaste  .nn^va 
sites  which  has  received  pnor  appiov 
by  the  Administrator. 
y(1)  At  the  end  of  each  operating  day, 

>  J  't  least  once  every  24-hour  period 
-  whUe  the  site  is  In  continuous  oper- 
.lion  tlie  asocstos-contatning  w  scire 
a  materia'  which  was  deposited  at  the 
t  during  Hie  operating  day  or  previ- 

IS  ,,  ,„,ur  period  shall  be  covered 

j  H  ifust  if>  centimeters  tea.  u 

inchesV  of  compacted  non  asbestus- 

At"? w  endof  each  operating  day 
or  at  least  once  every  24-hour  period 
whde  lim  disposal  s'tc  Is  in  continuous 
operation,  the  asbestos-contaming 
waste  material  which  was  deposited  at 
the  site  during  the  operating  day  or 
previous  24-hour  period  shall  oe  tm. 


Chapter  I— Environmental  ^Protection  Agency 

based  dust  suppression  agent  which  ef¬ 
fectively  binds  dust  and  controls  wind 
erosion.  Such  agent  shall  be  used  as 
re-  amended  for  the  particular  dust 
by  t'm  dust  suppression  agent  manu¬ 
facturer.  Other  equally  effective  dust 
suppression  agents  may  be  used  upon 
prior  approval  by  the  Administrator. 

For  purposes  of  this  paragraph,  waste 
crankcase  oil  Is  not  considered  a  dust 
suppression  agent. 

(40  Ml  48302,  Oct.  i >.<mi 
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days  a 1  10*  C.  with  a  roialU*  aoUua  reduc¬ 
tion  of  at  least  U  percent. 

dir  Drying.  Liquid  aiudae  la  aiioaxd  to 
drain  and/or  dry  on  under-drained  aand 
beda.  or  pared  or  unpared  mm*  in  which 
tlx  aiudae  la  at  a  depth  of  nine  tnchaa.  A 
minimum  of  three  months  la  needed.  l*o 
months  of  which  temperatures  arena «e  on  a 
daily  basis  shore  O'  C 

Anaerobic  diprjfioit  The  procsaa  la  con¬ 
ducted  In  the  absence  of  air  at  residence 
times  ranalna  from  00  days  at  W  C  to  IS 
days  at  IS’  to  SS'  C.  with  a  raiatlie  aoiida  re¬ 
duction  of  at  least  It  percent. 

Composting:  Ostn a  the  within-  rrasrl. 
static  aerated  pUe  or  windrow  compost  ina 
methods,  the  solid  waste  Is  maintained  at 
minimum  operating  conditions  of  40“  C  tor  0 
days.  For  four  hours  durtna  this  period  the 
temperature  exceeds  SS*  C. 

Lime  Stabilisation.  Sufficient  lime  la 
added  to  produce  a  pH  of  12  after  2  hours  of 
contact. 

Other  methods  Other  methods  or  oprrax- 
tna  conditions  mar  be  acceptable  if  patho- 
cens  and  rector  attraction  of  the  waste 
( volatile  solids )  are  reduced  u>  an  extent 
equivalent  to  the  reduction  achieved  by  any 
of  the  above  methods 

B.  Processes  to  farther  Reduce  Pathogens 

Com  posh  sa'  Osina  the  within-rrasH  eom- 
postlna  method,  the  solid  waste  la  main¬ 
tained  at  operatlna  conditions  of  IV  C  or 
treater  for  three  days.  Osina  the  static  aer¬ 
ated  pile  compoatlns  method,  the  solid 
waste  Is  maintained  at  operatlna  conditions 
of  SV  C  or  treater  for  three  days  Osina  the 
windrow  compostlna  method,  the  solid 
waste  attains  a  temperature  of  U*  C  or 
creator  for  at  least  IS  days  durtna  the  com¬ 
pos  tint  period  Also,  durlnc  the  hlch  tem¬ 
perature  period  there  will  be  s  minimum  of 
fire  tumbles  of  the  srtndrow 

Heat  drying:  Dewatered  tlutiee  cate  Is 
dried  by  direct  or  Indirect  contact  with  hot 
cases,  and  moisture  content  la  reduced  to  10 
percent  or  lower.  Sludte  particles  reach 
temperature*  well  In  excess  of  SO*  C,  or  the 
wet  bulb  temperature  of  the  raj  itreaxn  In 
contact  with  the  sludae  at  the  point  where 
It  leaves  the  dryer  L>  In  excess  of  80"  C. 

Heat  treatment :  Liquid  sludae  lx  heated  to 
temperatures  of  180’  C  for  30  minutes. 

Thermophilic  Aerobic  Dioestlon.  Liquid 
sludte  la  itltated  with  sir  or  oxyten  to 
maintiLin  aerobic  conditions  at  residence 
times  of  10  days  at  55-60'  C.  with  a  volatile 
solids  reduction  of  at  least  3«  percent. 

Other  methods:  Other  methods  or  operat¬ 
ing  conditions  m»y  be  acceptable  If  patho¬ 
gens  and  vector  attraction  of  the  waste 
(volatile  solids)  are  reduced  to  an  extent 
equivalent  to  the  reduction  achieved  by  any 
of  the  above  methods 

Any  of  the  processes  listed  below.  If  add'd 
to  the  processes  described  in  Section  A 


a  boss,  further  reduce  pathogens.  Beeauee 
the  processes  limed  below,  on  thetr  own.  do 
not  reduce  the  attraction  of  dim  -e  rectors, 
they  are  only  add-on  m  nature 

Beta  ray  irrwdtoftow.  Sludge  Is  irradiated 
with  beta  rays  from  an  accelerator  at  dos¬ 
ages  of  at  learn  10  megarad  at  room  temper¬ 
ature  ica.  20*  C> 

Gem  me  ray  irredtoffow.  Sludge  la  irradi¬ 
ated  with  fwmms  rays  from  certain  Isotopes, 
such  ea  “Cobalt  and  '“Cesium,  at  rfcwagaa 
of  at  least  1.0  megarad  at  mom  temperature 

tJk.  30-  C). 

Nsinnssftea  Sludge  la  maintained  for 
at  least  20  minutes  at  a  minimum  tempera¬ 
ture  of  70*  C. 

Other  methods.  Other  methods  or  operat¬ 
ing  eondltiona  may  be  acceptable  If  patho¬ 
gens  are  reduced  to  an  extent  equivalent  to 
the  reduction  achieved  by  any  of  the  above- 
add-on  methods. 
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260  1  Purpose.  scope.  and  sppUoaddUr 

240.2  Availability  of  Information,  confiden¬ 
tiality  of  Information. 

240.3  Um  of  number  and  lender. 


260.10  Definitions 
240  11  References. 


240  20  Oeneral. 

240.21  Petitions  for  equivalent  teat  in*  or 
analytical  methods. 

260.23  Petitions  to  unend  Part  241  to  ex 
elude  a  waste  produced  at  a  particular 
facility 

290.30  Variances  from  classification  as  a 
■olid  waste 

260.31  Standards  and  criteria  for  variances 
from  classification  as  a  solid  waste 

260  32  Variances  to  be  classified  as  a  boiler 

260  33  Procedures  for  variances  from  clas¬ 
sification  as  a  solid  waste  or  to  be  ciaasi 
fled  as  a  boiler 

260  40  Additional  regulation  of  certain  haz¬ 
ardous  waste  recycltn*  activities  on  a 
case-by-case  basis. 

260  41  Procedures  for  case  by -case  re*ula- 
tion  of  hazardous  waste  recycling  arts 
vites. 
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Amoanr  la.  1*M  2Dtt  mi  through 
MTT.  Ml*,  and  7M4.  Solid  Wuu  DWoooi 
Act.  as  imdid  *y  the  Waourc*  Canwrra. 
Uon  aod  Recovery  Act  of  in*,  ad  awOd. 
43  U3C  MM.  MIX  Mil  dU"Ou*n  MTT. 
MM.  usd  NTi 

Sotraez  4*  PR  3MTX  Mar  I*.  1M*.  ibiI— 
otherwise  nocod. 

Earreacu.  done  Th*  reporting  or  rwocC 
keeping  trowdoM  Included  la  the  flotl  rui* 
published  it  47  FW  >2714.  July  M.  1MX  *U1 
bo  submitted  Ter  approesl  to  Um  Office  of 
Xana—oM  and  Sudan  <OMBi  Thar  an 
not  effective  uatll  OMB  aaproni  hat  boa 
idwalnod.  CPA  *111  publish  a  node*  of  Um 
effective  data  of  Um  roportta*  vd  record- 
CoopttM  proewoono  of  uua  rota  aftor  it  a* 
HUM  OMB  anranl 

i  why  or)  A  OoweM 

I2M.1  Plifa  ante  Ml  <f#MMIIr. 

<  a)  Tfcli  part  provide*  definitions  of 
terra*,  ceneral  standard*.  and  uwitIm 
Information  applicable  to  Part*  2*0 
through  2*5  of  thia  chapter 

<  b)  In  this  part:  <  1  >  Section  2*0  2  art* 
forth  the  rule*  that  CPA  *UT  uae  In 
making  Information  It  recelrea  avail¬ 
able  to  (he  public  and  art*  forth  the 
requirement*  that  generators.  trans¬ 
porter*.  or  owner*  or  operator*  of 
treatment,  storage.  or  dtspoai  facili¬ 
ties  must  follow  to  ram  claims  of 
business  confidentiality  with  reaped 
to  information  that  is  iu (omitted  to 
EPA  under  Part*  2*0  throufh  2*5  of 
tht*  chapter 

•  2 >  Section  2*0  3  establishes  rule*  of 
grammatical  construction  for  Parts 
260  through  2*5  of  this  chapter. 

'3>  Sedion  2*0  10  define*  term* 
which  are  uaed  In  Part*  260  through 
285  of  ihu  chaoter 

1 4)  Section  280  20  establishes  proce¬ 
dures  for  petitlomn*  EPA  to  amend, 
modify,  or  revoke  any  provision  of 
Parts  280  through  285  of  this  chapter 
and  establishes  procedures  governing 
EPA's  action  on  such  petitions. 

‘  5 »  Section  280  21  establishes  proce¬ 
dures  for  petitioning  EPA  to  approve 
testing  methods  as  equivalent  to  those 
prescribed  In  Parts  281.  284.  or  285  of 
this  chapter 

<8)  Section  280  22  establishes  proce¬ 
dures  for  petitioning  EPA  to  amend 
Subpart  D  of  Part  281  to  exclude  a 
waste  from  a  particular  facility 


1 2MJ  AvallaMMy  M  lahwolq  <aaA- 
dawdabty  af  lahw Uaa 

(A)  Any  Information  provided  to 
CPA  under  Part*  2*0  through  2*5  of 
thia  chapter  will  be  made  available  to 
the  public  to  the  extent  and  in  the 
manner  authorised  by  the  Preedom  of 
Information  Act.  5  U  3  C  section  552. 
section  3007(b)  of  RCRA  and  EPA  rrg- 
ii  I  at  Inns  implementing  the  Preedom  of 
Information  Act  and  section  3007(b). 
Part  2  of  thia  chapter,  aa  applicable 

<b)  Any  person  who  submit*  infor¬ 
mation  to  EPA  in  accordance  with 
Part*  2*0  through  209  of  thia  chapter 
may  aaeert  a  claim  of  hnainam  confi¬ 
dentiality  covering  part  or  all  of  that 
information  by  following  the  proce¬ 
dure*  set  forth  in  I  2  203(b)  of  thia 
chapter.  Information  covered  by  such 
a  claim  will  be  dMdoaed  by  EPA  only 
to  the  extent,  and  by  means  of  the 
procedure*,  set  forth  in  Part  X  Sub¬ 
part  S  of  thia  chapter.  However.  If  no 
such  claim  tecompanMa  the  Informa¬ 
tion  when  It  la  received  by  CPA.  It  may 
be  made  available  to  the  public  with¬ 
out  further  notice  to  the  person  sub¬ 
mitting  It. 

1 341  I’m  W  auaket  saM  lewder 

As  used  In  Parts  2*0  through  2*5  of 
this  chapter 

i  a)  Worts  In  the  masculine  gender 
also  include  the  feminine  and  neuter 
gender*,  and 

i  b<  Word*  In  the  singular  include  the 
plural:  and 

'o  Word*  in  the  plural  include  the 
singular. 

Sub* art  t  Oeflwldans 

I  24*  1 1  IMlaKlaaa 

When  used  in  Parts  280  through  285 
of  this  chapter,  ’.he  following  terms 
have  the  meanings  given  below 

Act''  or  RCRA  means  :he  Solid 
Waste  Disposal  Act.  u  amended  by 
the  Resource  Conservation  and  Recov 
ery  Act  of  1978,  aa  amended.  42  U  S  C 
vert  Ion  5901  et  »eq 

Active  portion  '  means  that  portion 
of  a  facility  *here  trealmrnt.  storage 
or  disposal  operations  are  being  or 
have  Oeen  conducted  after  the  effec- 
t'  .  date  of  Part  281  of  this  chapter 
and  which  is  not  a  closed  portion  See 
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also  ciowcd  portion’'  and  inactive 
portion  ) 

Administrator’’  urtni  the  Adminis¬ 
trator  of  the  EnrlronmmLai  Prolee- 
tion  Agency.  or  hla  designee 

Aquifer”  mrtni  s  ge ologsr  forma¬ 
tion.  «rt>up  of  formations,  or  part  of  a 
formation  capaOir  of  yielding  a  aignifl- 
rant  amount  of  (round  water  to  wells 
or  spnnga 

'Authorised  representative ”  means 
the  person  responsible  for  the  overall 
operation  of  a  faculty  or  an  operation¬ 
al  unit  <i.e .  pan  of  a  faculty  i.  <4..  the 
plant  manager  superintendent  or 
person  of  equivalent  responsibtllty. 

Botler"  means  sn  enclosed  detriee 
ustna  controlled  flame  combustion  and 
harms  the  following  characteristics 

ilxl)  The  unit  must  hare  physical 
prortstons  for  recovering  and  export- 
ins  thermal  enemr  In  the  form  of 
steam,  heated  fluids,  or  healed  caaes- 
and 

<U>  The  unit's  combustion  chamber 
and  primary  energy  recorery 
sectlonsisi  must  be  of  integral  destcn. 
To  be  of  integral  design,  the  combus¬ 
tion  cftsnber  and  the  primary  energy 
rworery  sectioew 1 1  (such  as  water-waUs 
and  suprrheaters )  must  be  physically 
formed  into  one  manufactured  or  as¬ 
sembled  unit  A  unit  in  which  the  com¬ 
bustion  chamber  and  the  primary 
energy  recorery  senior*  s>  are  Joined 
only  by  ducts  or  connections  carrying 
flue  (as  is  not  integrally  designed, 
howercr.  secondary  energy  recovery 
equipment  <  such  as  economizers  or  sir 
preheater*  >  need  not  be  physically 
formed  into  the  same  unit  as  the  com¬ 
bustion  chamber  and  the  primary 
energy  recovery  section  The  following 
units  are  not  precluded  from  being 
boilers  solely  because  they  are  not  of 
integral  design  process  heelers  -units 
'••hat  transfer  energy  directly  to  a  proc 
ess  stream),  and  fluidized  bed  combus¬ 
tion  units,  and 

■ill)  While  in  operation,  the  unit 
must  maintain  a  thermal  energy  recov¬ 
ery  efficiency  of  at  least  90  percent, 
calculated  in  termj  of  the  recovered 
energy  compared  with  the  thermal 
alur  of  the  fuel,  and 

Iv  The  un.'  must  export  and  utilize 
at  least  75  percent  of  the  recovered 
’■r-ergy.  calculated  on  an  annual  basis 
!n  'his  calculation,  no  credit  shall  be 


|  2*0.10 

giver,  for  recovered  heat  used  internal¬ 
ly  in  the  same  unit.  <  Examples  of  in¬ 
ternal  use  are  the  preheating  of  fuel 
or  combustion  air.  and  the  driving  of 
induced  or  forced  draft  fans  or  feed- 
water  pumps);  or 

1 2)  The  unit  is  one  which  the  Re¬ 
gional  Administrator  has  determined, 
on  a  caae  by-case  basts,  to  be  a  botler. 
after  considering  the  standards  in 
t  2*0  32 

Certification''  means  a  statement  of 
professional  opinion  board  upon 
knowledge  and  belief. 

Closed  portion  "  means  that  portion 
of  a  facility  which  an  owner  or  opera¬ 
tor  has  clawed  in  accordance  with  the 
approved  facility  closure  plan  and  ail 
applicable  closure  requirements,  i  See 
also  active  portion’'  and  "inactive 
portion  “  ) 

Confined  aquifer"  means  an  aquifer 
bounded  above  and  below  by  imperme¬ 
able  beds  or  by  beds  of  distinctly  lower 
prime  ability  than  that  of  the  aquifer 
Itself;  an  aquifer  containing  confined 
ground  water. 

"Container"  means  any  portable 
device  in  which  a  material  Is  stored, 
transported,  treated,  disposed  cl.  or 
otherwise  handled. 

Contingency  plan”  means  a  docu¬ 
ment  setting  out  an  organized, 
planned,  and  coordinated  course  of 
action  to  be  followed  in  case  of  a  fire, 
explosion,  or  release  of  hazardous 
waste  or  hazardous  waste  constituents 
which  could  threaten  human  health 
or  the  environment. 

Designated  facility"  means  s  haz¬ 
ardous  waste  treatment,  storage,  or 
disposal  facility  which  has  received  an 
EPA  permit  (or  a  facility  with  interim 
status i  In  accordance  with  the  require¬ 
ments  of  Parts  270  and  124  of  this 
chapter,  a  permit  from  a  Slate  author 
lied  In  accordance  with  Part  271  of 
this  chapter,  or  that  la  regulated 
under  I  261.8ic#2>  or  Subpart  F  of 
Pan  289  of  this  chapter,  and  that  has 
been  designated  on  the  manifest  by 
tne  generator  pursuant  to  |  262.20 

Dike  '  means  an  embankment  or 
ridge  of  either  natural  or  man  made 
materials  used  to  prevent  the  move¬ 
ment  of  liquids,  sludges,  solids,  or 
other  materials. 

Discharge”  or  "hazardous  waste 
discharge "  means  the  accidental  or  in- 


333 


40  CK  Ol  I  (7-l-AS  HM*— ) 


tniiaoal  spilling.  leaking.  puns  pine, 
pounne.  emitting.  rmptymt  or  dump- 
in«  o(  hazardous  *mu  into  or  on  any 
land  or  *  nrr 

Dispoaalt  meant  the  discharge.  de- 
pout,  .njfftion.  dumping.  spilling, 
leaking.  or  placing  ot  any  solid  waste 
or  hazardous  >uu  into  or  on  any  land 
or  water  to  that  such  solid  waste  or 
hazardous  watte  or  any  constituent 
thereof  may  enter  the  environment  or 
be  emitted  into  the  air  or  dlachanred 
into  any  Valera,  including  ground 
waters. 

Dtapoaal  facility"  meant  a  facility 
or  part  of  4  facility  at  which  hazard- 
out  watte  tk  intentionally  placed  Into 
or  on  any  land  or  water,  and  at  which 
waste  will  remain  after  closure. 

"Elementary  neutralisation  unit" 
meant  a  device  which: 

(1:  la  uaed  for  neutralizing  wastes 
which  are  hazardous  wattes  only  be¬ 
cause  they  exhibit  the  corrosivity 
characteristic  defined  in  I  Ml. 23  of 
this  chapter,  or  are  listed  In  Subpart  D 
of  Part  Ml  of  this  chapter  only  for 
this  reatoni  and. 

( 3)  Meets  the  definition  of  tank,  con¬ 
tainer.  transport  vehicle,  or  vessel  In 
|  280.10  of  this  chapter. 

'EPA  hazardous  watte  number" 
meant  the  number  assigned  by  EPA  to 
each  hazardous  watte  listed  In  Part 
Ml.  Subpart  O.  of  this  chapter  and  to' 
each  characteristic  Identified  in  Part 
Ml.  Subpart  C.  of  this  chapter. 

EPA  Identification  number"  means 
the  number  assigned  by  EPA  to  each 
generator,  transporter,  and  treatment, 
storage,  or  disposal  facility. 

"EPA  region"  meant  the  states  and 
territories  found  In  any  one  of  the  fol¬ 
lowing  ten  regions: 

Region  I- Maine.  Vermont,  hew  Hampshire. 
Massachusetts,  Connecticut,  and  Rhode 
Island. 

Region  II— hew  York.  Hew  Jersey,  Com¬ 
monwealth  of  Puerto  Rico,  and  the  US. 
Virgin  Islands 

Region  Ill^Pennsylvania.  Delaware.  Mary 
land.  West  Virginia  Virginia  and  the  Dis¬ 
trict  of  Columoia 

Region  IVX  Kentucky.  Tennessee.  North 
Carolina  Mississippi.  Alabama.  Georgia 
South  Carolina  and  Florida 
Region  V— Minnesota  Wisconsin.  Illinois. 

Michigan.  Indiana  and  Ohio. 

Region  VI— N»w  Mexico.  Oklahoma  Arkan¬ 
sas.  Lo'iUl— -a.  and  Texas. 


Region  VII— Nebraska  It  in— i.  Missouri, 
sad  loera 

Region  Till- Montana  Wyoming.  North 
Dakota  South  Dakota  Utah,  and  Colora¬ 
do 

Region  UC— California  Nevada  Arizona. 
Hawaii.  Ouam.  American  Samoa  Com 
mon  wealth  of  the  Northern  Manana  U- 
landa 

Region  X— Washington.  Oregon.  Idaho,  and 


"Equivalent  method"  means  any 
testing  or  analytical  method  approved 
by  the  Administrator  under  1  i  280.20 
and  280.21. 

‘Existing  hazardous  waste  manage¬ 
ment  iHWM)  facility"  or  'existing  fae 
cllity"  means  a  facility  which  was  in 
operation  or  for  which  construction 
commenced  on  or  before  November  19. 
1980.  A  facility  has  commenced  con¬ 
struction  if: 

(I)  The  owner  or  operator  has  ob¬ 
tained  the  Federal.  State  and  local  ap¬ 
provals  or  permits  necessary  to  begin 
physical  construction:  and  either 

12X1)  A  continuous  on-site,  physical 
construction  program  has  begun:  or 

(II)  The  owner  or  operator  has  en¬ 
tered  Into  contractual  obligations— 
which  cannot  be  cancelled  or  modified 
without  substantial  loss— for  physical 
construction  of  the  facility  to  be  com¬ 
pleted  within  a  reasonable  time. 

Existing  portion"  means  that  land 
surface  area  of  an  existing  waste  man¬ 
agement  unit.  Included  in  the  original 
Part  A  permit  application,  on  which 
wastes  have  been  placed  prior  to  the 
Issuance  of  a  permit. 

'Facility''  means  all  contiguous  land, 
and  structures,  other  appurtenances, 
and  Improvements  on  the  land,  used 
for  treating,  storing,  or  disposing  of 
hazardous  waste.  A  facility  may  con¬ 
sist  of  several  treatment,  storage,  or 
disposal  operational  units  (e  g.,  one  or 
more  landfills,  surface  Impoundments, 
or  combinations  of  them). 

"Federal  agency  '  means  any  depart¬ 
ment.  agency,  or  other  instrumentality 
of  the  Federl  Government,  any  inde¬ 
pendent  agency  or  establishment  of 
the  Federal  Government  including 
any  Government  corporation,  and  the 
Government  Printing  Office. 

"Federal.  State  and  local  approvals 
or  permits  necessary  to  begin  physical 
construction"  means  permits  and  ap- 
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prevail  required  under  federal.  Stale 
gt  local  hazardoua  waste  control  stat¬ 
utes.  regulation#  or  ordinance* 

Pood-chain  crop*''  ocani  tobacco, 
eroca  grown  lor  human  consumption, 
and  crop*  grown  lor  feed  for  animals 
whose  product*  are  consumed  by 
Humana 

Free  liquids"  means  liquids  which 
rradlly  separate  from  the  solid  portion 
of  a  waste  under  ambient  temperature 
and  pressure 

Freeboard"  mean*  the  vertical  dis¬ 
tance  between  the  top  of  a  tank  or  sur- 
face  Impoundment  dike,  and  the  sur¬ 
face  of  the  waste  contained  therein. 

'Generator  "  means  any  person,  by 
sit*.  whose  set  or  process  produces 
hazardous  waste  identified  or  listed  In 
part  251  of  this  chapter  or  whose  act 
first  causes  a  hazardous  waste  to 
become  subject  to  regulation. 

Ground  water"  means  water  below 
the  land  surface  In  a  zone  of  satura¬ 
tion. 

Hazardous  waste"  means  s  hazard¬ 
ous  waste  as  defined  In  I  251.2  of  this 
chapter. 

"Hazardoua  waste  constituent" 
means  a  constituent  that  caused  the 
Administrator  to  list  the  hazardous 
waste  In  Part  251.  Subpart  □.  of  this 
chapter,  or  a  constituent  listed  in 
Table  1  of  |  251.24  of  this  chapter. 

In  operation"  refers  to  a  facility 
which  is  treatln*.  stortn*.  or  disposing 
of  hazardous  waste. 

Inactive  portion"  means  that  por¬ 
tion  of  a  facility  which  Is  not  operated 
after  the  effective  date  of  Part  251  of 
this  chapter.  <See  also  "active  portion" 
and  '  closed  portion''.) 

Incinerator''  means  any  enclosed 
device  using  controlled  flame  combus¬ 
tion  that  neither  meets  the  criteria  for 
classification  as  a  boiler  nor  la  listed  as 
an  industrial  furnace. 

Incompatible  waste"  means  a  haz¬ 
ardous  waste  which  Is  unsuitable  for 

'  1  >  Placement  in  a  particular  device 
or  facility  because  it  may  cause  corro¬ 
sion  or  decay  of  containment  materials 
'eg.,  container  inner  liners  or  tank 
walls):  or 

'2:  Commingl.n*  with  another  waste 
or  material  under  uncontrolled  condi¬ 
tions  because  the  commingling  might 
produce  heat  or  pressure,  ftre  or  ex¬ 
plosion.  violent  reaction,  toxic  dusts. 
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mists,  fumes,  or  gases,  or  flammable 
fumes  m*  gases. 

(See  Pan  255.  Appendix  V.  of  t*-la 
chapter  for  examples.) 

Individual  generation  site"  means 
the  contiguous  site  at  or  on  which  one 
or  more  hazardous  wastes  are  generat¬ 
ed.  Ah  Individual  generation  site,  such 
as  a  large  manufacturing  plant,  may 
have  one  or  more  sources  of  hazardous 
waste  but  Is  considered  a  single  or  in¬ 
dividual  generation  site  If  the  site  or 
property  is  contiguous. 

"Industrial  furnace"  means  any  of 
the  following  enclosed  devices  that  are 
Integral  component*  of  marufactunng 
processes  and  that  use  controlled 
flame  devices  to  accomplish  recovery 
of  material*  or  energy: 

( 1 )  Cement  kilns 

(2)  Lime  kilns 

( 3  >  Aggregate  kilns 

(4)  Phosphate  kilns 

( 3 )  Coke  ovens 

(5)  Blast  furnaces 

(7)  Smelting,  melting  and  refining 
furnaces  (Including  pyrometallurglcal 
devices  such  as  cupolas,  reverberator 
furnaces,  sintering  machine,  roasters, 
and  foundry  furnaces) 

(#)  Titanium  dioxide  chloride  proc¬ 
ess  oxidation  reactors 

(9)  Methane  reforming  furnaces 

(10)  Pulping  liquor  recovery  fur 
naces 

HI)  Combustion  devices  used  In  the 
recovery  of  sulfur  values  from  spent 
sulfuric  acid 

(12)  Such  other  devices  as  the  Ad¬ 
ministrator  may.  after  notice  and  com¬ 
ment.  add  to  this  list  on  the  basis  of 
one  or  more  of  the  following  factors 

(1)  The  design  and  use  of  the  device 
primarily  to  accomplish  recovery  of 
material  products. 

(11)  The  use  of  the  device  to  burn  or 
reduce  raw  materials  to  make  a  mate¬ 
rial  product: 

(111)  The  use  of  the  device  to  bum  or 
reduce  secondary  materials  as  effec¬ 
tive  substitutes  for  raw  materials,  in 
processes  using  raw  materials  as  prin¬ 
cipal  feedstocks: 

<lv)  The  use  of  the  device  to  bum  or 
reduce  secondary  materials  as  ingredi¬ 
ents  m  an  Industrial  process  to  make  a 
material  product: 
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(v)  The  use  of  the  device  In  common 
industrial  o notice  to  produce  a  mate¬ 
rial  product:  and 

(vii  Other  factors,  aa  appropriate. 

‘Injection  well"  means  a  well  Into 
which  fluids  are  injected.  (See  also 
“underground  injection".) 

“Inner  liner"  means  a  continuous 
layer  of  material  placed  Inside  a  lank 
or  container  which  protects  the  con¬ 
struction  materials  of  the  tank  or  con¬ 
tainer  from  the  contained  waste  or 
reagents  used  to  treat  the  waste. 

“International  shipment"  means  the 
transportation  of  hazardous  waste  Into 
or  out  of  the  Jurisdiction  of  the  United 
States. 

“Landfill"  means  a  disposal  facility 
or  part  of  a  facility  where  hazardous 
waste  is  placed  In  or  on  land  and 
which  is  not  a  land  treatment  facility, 
a  surface  impoundment,  or  an  injec¬ 
tion  well. 

“landfill  cell"  means  a  discrete 
volume  of  a  hazardous  waste  landfill 
which  uses  a  liner  to  provide  isolation 
of  wastes  from  adjacent  cells  or 
waste*.  Examples  of  landfill  cells  are 
trenches  and  pita. 

“Land  treatment  facility"  means  a 
facility  or  part  of  a  facility  at  which 
hazardous  waste  is  applied  onto  or  In¬ 
corporated  into  the  soil  surface;  such 
facilities  are  disposal  facilities  If  the 
waste  will  remain  after  closure. 

Leachate"  means  any  liquid,  includ¬ 
ing  any  suspended  components  in  the 
liquid,  that  has  percolated  through  or 
drained  from  hazardous  waste. 

Liner”  means  a  continuous  layer  of 
natural  or  man-made  materials,  be¬ 
neath  or  on  the  sides  of  a  surface  Im¬ 
poundment,  landfill,  or  landfill  cell, 
which  restricts  the  downward  or  later¬ 
al  escape  of  hazardous  waste,  hazard¬ 
ous  waste  constituents,  or  leachate. 

Management"  or  hazardous  waste 
management"  means  the  systematic 
control  of  the  collection,  source  sepa¬ 
ration.  storage,  transportation,  proc¬ 
essing.  treatment,  recovery,  and  dis¬ 
posal  of  hazardous  waste 

Manifest"  means  the  shipping  doc¬ 
ument  EPA  form  3700-22  and.  If  nec¬ 
essary,  EPA  form  8700-22A.  originated 
and  signed  by  the  generator  in  accord¬ 
ance  with  the  instructions  included  In 
the  Appendix  to  Part  282. 
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"Manifest  document  number"  means 
the  U-J3.  EPA  twelve  digit  identifica¬ 
tion  number  assigned  to  the  generator 
plus  a  unique  five  digit  document 
number  assigned  to  the  Manifest  by 
the  generator  for  recording  and  re¬ 
porting  purposes. 

“Mining  overburden  returned  to  the 
mine  site"  means  any  material  overly¬ 
ing  an  economic  mineral  deposit  which 
Is  removed  to  gain  access  to  that  de¬ 
posit  and  is  then  used  for  reclamation 
of  a  surface  mine. 

"Movement"  means  that  hazardous 
waste  transported  to  a  facility  in  an  in¬ 
dividual  vehicle. 

"New  Hazardous  waste  management 
facility"  or  “new  facility"  means  a  fa¬ 
cility  which  began  operation,  or  for 
which  construction  commenced  after 
October  21.  1918.  (See  also  "Existing 
hazardous  waste  management  facili¬ 
ty".) 

“On-site"  means  the  same  or  geo¬ 
graphically  contiguous  property  which 
may  be  divided  by  public  or  private 
right-of-way.  provided  the  entrance 
and  exit  between  the  properties  Is  at  a 
cross-roads  intersection,  and  access  is 
by  crossing  as  opposed  to  going  along, 
the  right-of-way.  Non-contlguous 
properties  owned  by  the  same  person 
but  connected  by  a  right-of-way  which 
he  controls  and  to  which  the  public 
does  not  have  access,  is  also  considered 
on-slte  property. 

Open  burning”  means  the  combus¬ 
tion  of  any  material  without  the  fol¬ 
lowing  characteristics; 

<1>  Control  of  combustion  air  to 
maintain  adequate  temperature  for  ef¬ 
ficient  combustion. 

<2>  Containment  of  the  combustion- 
reaction  tn  an  enclosed  device  to  pro¬ 
vide  sufficient  residence  time  and 
mixing  for  complete  combustion,  and 

'3)  Control  of  emission  of  the  gase¬ 
ous  comb'istlon  products. 

See  also  “Incineration"  and  “ther¬ 
mal  treatment"  i 

“Operator  means  the  person  re¬ 
sponsible  for  the  overall  operation  of  a 
facility 

Owner"  means  the  person  who 
owns  a  facility  or  part  of  a  facility 

“Partial  r  .sure"  means  the  closure 
of  a  discrete  part  of  a  facility  in  ac 
rordanre  with  the  applicable  closure 
requirements  of  Parts  263  or  265  ■>' 
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this  chapter.  For  example,  partial  clo¬ 
sure  may  Include  the  closure  of  a 
trench,  a  unit  operation,  a  landfill  cell, 
or  a  pit.  while  other  parts  of  the  same 
facility  continue  In  operation  or  will 
be  placed  In  operation  In  the  future. 

"Person”  means  an  Individual,  trust, 
firm.  Joint  stork  company.  Federal 
Agency,  corpon  tion  (Including  a  gov¬ 
ernment  corporation),  partnership,  as¬ 
sociation.  State,  municipality,  commis¬ 
sion.  pc  lit  leal  subdivision  of  a  Slate,  or 
any  interstate  body. 

“Personnel"  or  "facility  personnel" 
means  all  persons  who  work.  at.  or 
oversee  the  operations  of.  a  hazardous 
waste  facility,  and  whose  actions  or 
failure  to  act  may  result  In  noncompli¬ 
ance  with  the  requirements  of  Parts 
264  or  205  of  this  chapter. 

"PUe"  means  any  non-contalnertzed 
accumulation  of  solid,  nonflowing  haz¬ 
ardous  waste  that  Is  used  for  treat¬ 
ment  or  storage. 

"Point  source"  means  any  discerni¬ 
ble,  confined,  and  discrete  conveyance. 
Including,  but  not  limited  to  any  pipe, 
ditch,  channel,  tunnel,  conduit,  well, 
discrete  fissure,  container,  rolling 
stock,  concentrated  animal  feeding  op¬ 
eration.  or  vessel  or  other  floating 
craft,  from  which  pollutants  are  or 
may  be  discharged.  This  term  does  not 
Include  return  flows  from  Irrigated  ag¬ 
riculture. 

"Publicly  owned  treatment  works" 
or  "POTW"  means  any  device  or 
system  used  In  the  treatment  (Includ¬ 
ing  recycling  and  reclamation)  of  mu¬ 
nicipal  sewage  or  Industrial  wastes  of  s 
liquid  nkture  which  Is  owned  by  s 
"State"  or  municipality"  'as  defined 
by  Section  502(4)  of  the  CWA)  This 
definition  Includes  sewers,  pipes,  or 
other  conveyances  only  If  they  convey 
wastewater  to  a  POTW  providing 
treatment. 

Regional  Administrator"  means  the 
Regional  Administrator  for  the  EPA 
Region  in  which  the  facility  is  located, 
or  h  1.1  designee 

Representative  sample'  means  s 
sample  of  a  universe  or  whole  'e  g. 
waste  pile,  lagoon,  ground  water' 
which  can  oe  expected  to  exhibit  the 
average  properties  of  the  universe  or 
whole 


"Run-off"  means  any  rainwater, 
leachate,  or  other  liquid  that  drama 
over  land  from  any  part  of  a  facility. 

Run-on"  means  any  rainwater, 
leachate,  or  other  liquid  that  drains 
over  land  onto  any  part  of  a  facility 

Saturated  zone”  or  "zone  of  satura¬ 
tion"  means  that  part  of  the  earth's 
crust  in  which  all  voids  are  filled  with 
water. 

"Sludge"  means  any  solid,  semt-aolld. 
or  liquid  waste  genertted  from  a  mu¬ 
nicipal.  commercial,  or  industrial 
wastewater  treatment  plant,  water 
supply  treatment  plant,  or  air  pollu¬ 
tion  control  'aclllty  exclusive  of  the 
treated  effluent  from  a  wastewater 
treatment  plant. 

"Solid  waste"  means  a  solid  waste  as 
defined  In  I  261  2  of  this  chapter. 

Stale"  means  any  of  the  several 
State*,  the  District  of  Columbia,  the 
Commonwealth  of  Puerto  Rico,  the 
Virgin  Islands.  Guam.  American 
Samoa,  and  the  Commonwealth  of  the 
Northern  Manana  Islands 

'Storage”  means  the  holding  of  haz¬ 
ardous  waste  for  a  temporary  period, 
at  the  end  of  which  the  hazardous 
waste  Is  treated,  disposed  of.  or  stored 
elsewhere. 

Surface  Impoundment"  or  "im¬ 
poundment”  means  a  facility  or  part 
of  s  facility  which  is  a  natural  topo¬ 
graphic  depression,  man  made  excava¬ 
tion.  or  diked  are*  formed  primarily  of 
earthen  materials  'although  if  may  be 
lined  with  man-made  materials), 
which  Is  designed  to  hold  an  amirau 
latlon  of  liquid  wastes  or  wastes  con 
lainlng  free  liquids,  and  m-hich  is  not 
an  Injection  well  Example;  of  surface 
Impoundments  are  holding,  storage, 
settling,  and  aeration  pits,  ponds  and 
lagoons 

Tank”  mearji  a  stationary  device, 
designed  to  contain  an  accumulation 
of  hazardous  waste  which  j  construct 
ed  primarily  of  non-»arthen  materials 
eg,  wood,  concrete,  steel  plastic  • 
which  provide  structural  support 

Thermal  treatment  means  'he 
treatment  of  hazardous  waste  in  a 
device  which  'ises  elevated  tempers 
lures  u  the  primary  means  to  change 
the  chemical,  physical,  or  biological 
character  or  composition  of  ’tv-  har 
ardous  waste  Examples  of  therms, 
treatment  processes  are  incineration 
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molten  salt.  pyrolysia.  calcination,  vet 
air  oxidation,  and  microwave  dis¬ 
charge.  (See  also  "incinerator''  and 
"open  burning".) 

"Totally  enclosed  treatment  facility" 
means  a  facility  for  the  treatment  of 
hazardous  waste  which  Is  directly  con¬ 
nected  to  an  Industrial  production 
process  and  which  is  constructed  and 
operated  tn  a  manner  which  prevents 
the  release  of  any  hazardous  waste  or 
any  constituent  thereof  into  the  envi- 
ronmeut  during  treatment.  An  exam¬ 
ple  is  a  pipe  in  which  waste  add  Is 
neutralized. 

"Transfer  facility"  means  any  trans¬ 
portation  related  facility  including 
loading  docks,  parking  areas,  storage 
areas  and  other  similar  areas  where 
shipments  of  hazardous  waste  are  held 
during  the  normal  course  of  transpor¬ 
tation. 

"Transport  vehicle"  means  a  motor 
vehicle  or  rail  car  used  for  the  trans¬ 
portation  of  cargo  by  any  mode.  Each 
cargo-carrying  body  (trailer,  railroad 
freight  car.  etc.)  is  a  separate  trans¬ 
port  vehicle. 

"Transportation"  means  the  move¬ 
ment  of  hazardous  waste  by  air.  rail, 
highway,  or  water. 

"Transporter"  means  a  person  en¬ 
gaged  in  the  offsite  transportation  of 
hazardous  waste  by  air.  rail,  highway, 
or  water 

"Treatment"  means  ary  method, 
technique,  or  process,  including  neu¬ 
tralization.  designed  to  change  the 
physical,  chemical,  or  biological  char¬ 
acter  or  composition  of  any  hazardous 
waste  so  as  to  neutralize  such  waste,  or 
so  as  to  recover  energy  or  material  re¬ 
sources  from  the  waste,  or  so  as  to 
render  such  waste  non  hazardous.  or 
less  hazardous.  safer  to  '.rani  port, 
store,  or  dispose  of  or  amenable  for 
recovery,  amenable  for  storage,  or  re¬ 
duced  in  volume 

Treatment  lone"  means  a  soli  area 
of  '.he  ur-saturated  rone  of  a  land 
treatment  unit  within  which  hazard¬ 
ous  constituents  are  degraded.  trans¬ 
formed.  or  immobilized 

1'r.de-around  injection  means  the 
subsurface  -mpiazement  of  fluids 
through  a  bored,  drtiied  or  dr",  en  »»!!. 
or  through  a  dug  .her*  the 

lepin  i!  'ne  iug  well  -j  greater  than 
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the  largest  surface  dimension.  (See 
also  "injection  well") 

"Unsaturated  zone”  or  "zone  of  aer¬ 
ation”  means  the  zone  between  the 
land  surface  and  the  water  table. 

"United  States"  means  the  50  States, 
the  District  of  Columbia,  the  Com¬ 
monwealth  of  Puerto  Rico,  the  U.S. 
Virgin  Islands.  Guam.  American 
Samoa,  and  the  Commonwealth  of  the 
Northern  Mariana  Islands. 

"Uppermost  aquifer"  means  the  geo¬ 
logic  formation  nearest  the  natural 
ground  surface  that  is  an  aquifer,  as 
well  as  lower  aquifers  that  are  hydrau¬ 
lically  interconnected  with  this  aqui¬ 
fer  within  the  facility's  property 
boundary. 

“Vesael"  Includes  every  description 
of  watercraft,  used  or  capable  of  being 
used  as  a  means  of  transportation  on 
the  water. 

"Wastewater  treatment  unit"  means 
a  device  which: 

'  l )  Is  part  of  a  wastewater  treatment 
facility  which  Is  subject  to  regulation 
under  either  Section  402  or  Section 
302(b)  of  the  Clean  Water  Act;  and 

(2)  Receives  and  treata  or  stores  an 
Lnfluent  wastewater  which  is  a  hazard¬ 
ous  waste  as  defined  in  I  201.3  of  this 
chapter,  or  generates  and  accumulates 
a  wastewater  treatment  sludge  which 
Is  a  hazardous  waste  as  defined  in 
i  261.3  of  this  chapter,  or  treats  or 
stores  a  wastewater  treatment  sludge 
which  Is  a  hazardous  waste  as  oeflned 
in  |  201  3  of  this  chapter;  and 

(3)  Meets  the  definition  of  tank  in 
I  200  10  of  this  chapter 

Water  'bulk  shipment!"  means  the 
bulk  transportation  of  hazardous 
waste  which  Is  loaded  or  carried  in 
board  a  vessel  without  containers  or 
’.  abets 

Well”  means  any  shaft  or  pit  dug  or 
bored  into  the  earth,  generally  o(  a  c y 
HndrlcaJ  form,  and  often  wailed  with 
bricks  or  tubing  to  prevent  the  earth 
from  raving  in 

Well  injection"  See  underground 
Injection 

43  FR  J30C3  Mar  •»  :»#o  u  amended  ^ai 
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Environmental  I* rotation  Agency 

10500.  Mu’.  20.  1084:  50  FR  881.  Jan.  4. 
10851 

Ejtictivt  Datt  Nutt  At  50  FR  881.  Jan. 
4  1085.  i  280.10  was  amended  by  adding  the 
definitions  for  "Boiler"  and  "Industrial  .'ur- 
nace’  and  revising  the  definitions  for  "Des¬ 
ignated  facility”  and  "Incinerator",  effective 
July  5.  1*85.  For  the  convenience  of  the 
ujer.  the  superseded  text  Is  set  out  below. 

1280.1*  Definitions. 


-Designated  facility"  means  a  hazardous 
waste  treatment,  storage,  or  disposal  faculty 
which  has  received  an  EPA  permit  (or  a  fa¬ 
culty  with  Interim  status)  In  accordance 
with  the  requirements  of  40  CFR  Parts  220 
gnd  124  of  this  chapter,  or  a  permit  from  a 
State  authorized  In  accordance  with  Part 
221  of  this  chapter:  that  has  been  designat¬ 
ed  on  the  manifest  by  the  t  nerator  pursu¬ 
ant  to  t  282.20. 


(April.  1984).  and  Update  H  (April. 
1985)1.  The  second  edition  of  SW-848 
and  Updates  I  and  II  ere  available 
from  the  SuperintendcJt  of  Docu¬ 
ments,  U.S.  Government  Printing 
Office.  Washington.  D.C.  20401,  (202) 
783-3228,  on  a  subscription  basis. 

(b)  The  references  listed  In  para¬ 
graph  (a)  of  this  section  are  also  avail¬ 
able  for  Inspection  at  the  Office  of  the 
Federal  Register.  1100  1.  Street,  NW. 
Washington.  D.C.  20408.  These  Incor¬ 
porations  by  reference  were  approved 
by  the  Director  of  the  Federal  Regis¬ 
ter.  These  materials  are  incorporated 
as  they  exist  on  the  date  of  approval 
and  a  notice  of  any  change  in  these 
materials  will  be  published  in  the  Fed¬ 
eral  Register. 

(46  FR  35247.  July  7.  1981.  u mended  at  50 
FR  18374.  Apr.  30.  1885) 


"Incinerator"  means  an  encloaed  device 
using  controUed  flame  combustion,  the  pri¬ 
mary  purpose  of  which  U  to  thermally 
break  down  hazardous  waste.  Examples  of 
Incinerators  are  rotary  kiln,  fluidized  bed. 
and  Liquid  Injection  Incinerators 


(280.11  References. 

(a)  When  used  In  Parts  280  through 
265  of  this  chapter,  the  following  pub- 
Ucationa  are  Incorporated  by  refer¬ 
ence: 

"ASTM  Standard  Test  Methods  for 
Flash  Point  of  Liquids  by  Setaflash 
Closed  Tester."  ASTM  Standard  D- 
3278-78.  available  from  American  Soci¬ 
ety  for  Testing  and  Materials,  1918 
Race  Street.  Philadelphia,  Pa.  19103. 

"ASTM  Standard  Test  Methods  for 
Flash  Point  by  Pensky- Martens  Closed 
Tester."  ASTM  Standard  D-93-78  or 
D-93-80.  D-93-80  Is  available  from 
American  Society  for  Testing  and  Ma¬ 
terials.  1916  Race  Street.  Philadelphia,. 
Pa.  19103. 

Flammable  and  Combustible  Liq¬ 
uids  Code  '  (1977'  or  1981).  available 
(rom  the  National  Fire  Protection  As¬ 
sociation,  470  Atlantic  Avenue.  Boston. 
Massachusetts  02210. 

Test  Methods  for  Evaluating  Solid 
Waste  Physical  Chemical  Methods  . 
FPA  Publication  SW  3(6  'Second  Ed:- 
•inn.  1982  as  amended  by  Update  I 


Subpart  C— XulMtakiag  Petitions 
9  280.20  General. 

(a)  Any  penun  may  petition  the  Ad¬ 
ministrator  to  modify  or  revoke  any 
provision  In  Parts  280  through  285  of 
this  chapter.  This  section  sets  forth 
general  requirements  which  apply  to 
all  such  petitions.  Section  280.21  sets 
forth  additional  requirements  for  peti¬ 
tions  to  add  a  testing  or  analytical 
method  to  Part  261.  284  or  285.  Sec¬ 
tion  260.22  sets  forth  additional  re¬ 
quirements  for  petitions  to  exclude  a 
waste  at  a  particular  faculty  from 
i  281.3  of  this  chapter  or  the  lists  of 
hazardous  wastes  In  Subpart  D  of  Part 
281. 

(b)  Each  petition  must  be  submitted 
to  the  Administrator  by  certified  mall 
and  must  include: 

( 1 )  The  petitioner's  name  and  ad¬ 
dress; 

(2)  A  statement  of  the  petitioner's 
Interest  In  the  proposed  action: 

(3)  A  description  of  the  proposed 
action.  Including  (where  appropriate) 
suggested  regulatory  language:  and 

<4)  A  statement  of  the  need  and  jus¬ 
tification  for  the  proposed  action,  .n- 
eluding  any  supporting  tests,  studies, 
or  other  information. 

<ci  The  Administrator  will  make  a 
tentative  decision  to  grant  or  deny  a 
petition  and  will  publish  notice  of 
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such  tentative  decision,  either  in  the 
form  of  an  advanced  notice  of  pro¬ 
posed  rulemaking,  a  proposed  rule,  or 
a  tentative  determination  to  deny  the 
petition,  in  the  Ftdkhal  Racism  for 
written  public  comment. 

<d)  Upon  the  written  request  of  any 
interested  person,  the  Administrator 
may.  at  his  discretion,  hold  an  infor¬ 
mal  public  hearing  to  consider  oral 
comments  on  the  tentative  decision.  A 
person  requesting  a  hearing  must  state 
the  issues  to  be  raised  and  exp  Lain 
why  written  comments  would  not  suf¬ 
fice  to  communicate  the  person's 
views.  The  Administrator  may  In  any 
case  decide  on  his  own  motion  to  hold 
an  informal  public  hearing. 

<e>  After  evaluating  all  public  com¬ 
ments  the  Administrator  will  make  a 
final  decision  by  publishing  in  the 
Fedcxai.  Racism  a  regulatory  amend¬ 
ment  or  a  denial  of  the  petition. 

8  280.21  Petitions  for  equivalent  testing  or 
analytical  methods. 

(ai  Any  person  seeking  to  add  a  test¬ 
ing  or  analytical  method  to  Part  261. 
268.  or  263  of  this  chapter  may  peti¬ 
tion  for  a  regulatory  amendment 
under  this  section  and  |  260.20.  To  be 
successful,  the  person  must  demon¬ 
strate  to  the  satisfaction  of  the  Ad¬ 
ministrator  that  the  proposed  method 
is  equal  to  or  superior  to  the  corre¬ 
sponding  method  prescribed  in  Part 
261.  268,  or  285  of  this  chapter.  In 
terms  of  its  sensitivity,  accuracy,  and 
precision  <l.e..  reproducibility). 

<b)  Each  petition  must  Include.  In 
addition  to  the  Information  required 
by  5  260. 20' b): 

(1) A  full  description  of  the  proposed 
method.  Including  ail  procedural  steps 
and  equipment  used  In  the  method; 

(2)  A  description  of  the  types  of 
wastes  or  waste  matrices  (or  which  the 
proposed  method  may  be  used: 

(3)  Comparative  results  obtained 
from  using  the  proposed  method  with 
those  obtained  from  using  the  rele¬ 
vant  or  corresponding  methods  pre¬ 
scribed  in  Part  261.  288.  or  285  o'  this 
chapter. 

'  8 )  An  assessment  of  any  fa  jrs 
which  may  interfere  with,  or  limit  the 
use  of.lhe  proposed  method;  and 

5)  A  description  of  the  quality  con¬ 
trol  procedures  necessary  to  ensure 


the  sensitivity,  accuracy  and  precision 
of  the  proposed  method. 

<c)  After  receiving  a  petition  for  an 
equivalent  method,  the  Administrator 
may  request  any  additional  informa¬ 
tion  on  the  proposed  method  which  he 
may  reasonably  require  to  evaluate 
the  method. 

(d)  If  the  Administrator  amends  the 
regulations  to  permit  use  of  a  new 
testing  method,  the  method  will  be  in¬ 
corporated  In  "Test  Methods  for  the 
Evaluation  of  Solid  Waste;  Physical/ 
Chemical  Methods."  SW-886.  O.S.  En¬ 
vironmental  Protection  Agency.  Office 
of  Solid  Waste.  Washington.  D  C. 
20860. 

[85  PR  33073.  May  19.  1980.  as  amended  at 
89  PR  87391.  Dec.  8.  1988) 

1 2*0.22  Petitions  to  amend  Pan  281  to 
exclude  a  waste  produced  at  a  particu¬ 
lar  facility. 

(a)  Any  person  seeking  to  exclude  a 
waste  at  a  particular  generating  facili¬ 
ty  from  the  lists  tn  Subpart  D  of  Part 
261  may  petition  for  a  regulatory 
amendment  under  this  section  and 
I  260.20.  To  be  successful,  the  petition¬ 
er  must  demonstrate  to  the  satisfac¬ 
tion  of  the  Administrator  that  the 
w&ste  produced  by  a  particular  gener¬ 
ating  facility  does  not  meet  any  of  the 
criteria  under  which  the  waste  waj 
listed  as  a  hazardous  waste  and.  in  the 
case  of  an  acutely  hazardous  waste 
listed  under  I  261.1  l(a)<2>.  that  it  also 
does  not  meet  the  criterion  of 
I  26I.ll(aK3>.  A  waste  which  is  so  ex¬ 
cluded  may  still,  however,  be  a  hazard¬ 
ous  waste  by  operation  of  Subpart  C 
of  Part  201. 

<b)  The  procedures  in  this  section 
and  i  280  20  may  also  be  used  to  pet! 
lion  the  Administrator  for  a  regula¬ 
tory  amendment  to  exclude  from 
}  281  3<  ax  2)<ll )  or  <c>.  a  waste  which  is 
described  in  those  sections  and  is 
either  a  waste  iisted  :n  Subpart  D. 
contains  a  waste  iisted  ;n  Subpart  D. 
or  Is  derived  from  a  waste  listed  m 
Subpart  D.  This  exclusion  may  only  be 
Issued  for  a  particular  generating, 
storage,  treatment,  or  disposal  facility 
The  petitioner  must  make  the  .axne 
demonstration  as  required  by  para 
graph  -ai  of  this  section,  except  ‘hat 
where  the  waste  is  a  mixture  of  -uud 
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wUtf  and  one  or  more  listed  hazard¬ 
ous  wastes  or  Is  derived  from  one  or 
more  hazardous  wastes,  his  demon¬ 
stration  may  be  made  w  n  respect  to 
each  constituent  listed  waste  or  the 
waste  mixture  as  a  whole.  A  waste 
which  Is  so  excluded  may  still  be  a 
hazardous  waste  by  operation  of  Sub- 
0art  C  of  Part  261. 

(c)  If  the  waste  is  listed  with  codes 
1".  "C'.  "R".  °r  "E"  In  Subpart  D. 
the  petitioner  must  show  that  demon¬ 
stration  samples  of  the  waste  do  not 
exhibit  the  relevant  characteristic  de¬ 
fined  in  1261.21.  1  261.22.  1  261.23.  or 
1 261.26  using  any  applicable  test 
methods  prescribed  therein. 

id)  If  the  waste  is  listed  with  code 
T"  In  Subcart  D.  the  petitioner  must 

demonstrate  that: 

(1)  Demonstration  samples  of  the 
waste  do  not  contain  the  constituent 
i  as  defined  In  Appendix  VII)  that 
caused  the  Administrator  to  list  the 
waste,  using  the  appropriate  teal 
methods  prescribed  In  Appendix  III: 
or 

(2)  The  waste  does  not  meet  the  cri¬ 
terion  of  I  261 . 1  It  ax  3  >  when  consider¬ 
ing  the  factors  In  |  261. 1  It aX 3 )  (I) 
through  <xi). 

ie)  If  the  waste  Is  listed  with  the 
code  H''  In  Subpart  D.  the  petitioner 
must  demonstrate  that  the  waste  does 
not  meet  both  of  the  following  crite¬ 
ria: 

1 1 )  The  criterion  of  I  261.11<a><2). 

2)  The  criterion  of  i  261.11(a)(3) 
when  considering  the  factors  listed  In 
1  281.1  If  ax  3)  M>  through  < xl >. 

if)  (Reserved  for  listing  radioactive 
wastes.  1 

•  gi  (Reserved  for  listed  Infectious 
wastes.) 

hi  Demonstration  samples  must 
consul  of  enough  representative  sam¬ 
ples.  but  in  no  case  less  than  four  sam¬ 
ples.  taken  over  a  period  of  time  suffi¬ 
cient  to  represent  the  variability  or 
•.he  uniformity  of  the  waste 
■))  Each  pennon  must  include.  In  ad¬ 
dition  to  the  information  required  by 
1  250  20  bt 

1  The  name  and  address  of  the  'ab- 
-iratory  facility  performing  the  sam¬ 
pling  or  ’ esls  of  the  w  aste. 

2  The  names  and  qualifications  of 
•fie  persons  sampling  and  testing  the 
W  a*t  e 
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(3)  The  dates  of  sampling  and  test¬ 
ing; 

<4)  The  location  of  the  generating 
faculty: 

(5)  A  description  of  the  manufactur¬ 
ing  processes  or  other  operations  and 
feed  materials  producing  the  waste 
and  an  assessment  of  whether  such 
processes,  operations,  or  feed  materi¬ 
als  can  or  might  produce  a  waste  that 
Is  not  covered  by  the  demonstration; 

(6)  A  description  of  the  waste  and  an 
estimate  of  the  average  and  maximum 
monthly  and  annual  quantities  of 
waste  covered  by  tne  demonstration: 

(7)  Pertinent  data  on  and  discussion 
of  the  factors  delineated  in  the  respec¬ 
tive  criterion  for  listing  a  hazardous 
waste,  where  the  demonstration  is 
based  on  the  factors  In  I  261.11(ax3): 

(8)  A  description  of  the  methodolo¬ 
gies  and  equipment  used  to  obtain  the 
representative  samples: 

(9)  A  description  of  the  sample  han¬ 
dling  and  preparation  techniques.  In¬ 
cluding  techniques  used  for  extrac¬ 
tion.  containerization  and  preservation 
of  the  samples; 

(10)  A  description  of  the  tests  per¬ 
formed  ( Including  results): 

(11)  The  names  and  model  numbers 
of  the  Instruments  used  In  performing 
the  tests:  and 

(12)  The  following  statement  signed 
by  the  generator  of  the  waste  or  hts 
authorized  representative: 

I  certify  under  penally  of  law  that  I  have 
personally  examined  and  am  familiar  with 
the  information  submitted  in  this  demon¬ 
stration  and  all  attached  document*,  and 
that,  based  on  my  Inquiry  of  thoae  Individ¬ 
ual*  Immediately  responsible  lor  obtaining 
the  information.  I  believe  that  the  submit 
ted  information  U  true,  accurate,  and  com¬ 
plete  I  am  aware  that  there  are  significant 
penalties  for  submitting  false  -nformatlon. 
including  tne  possibility  of  fine  and  Imprt*- 
onment 

'))  After  receiving  »  petition  for  an 
exclusion,  the  Administrator  may  re¬ 
quest  any  additional  information 
which  he  may  reasonably  require  to 
et  aluate  the  petition. 

-k)  An  exclusion  will  only  apply  to 
the  waste  generated  at  the  individual 
facility  covered  by  the  demonstration 
and  will  not  apply  'o  waste  from  any 
other  facility 
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(1)  The  AdminlSLi»cor  may  exclude 
only  part  of  the  waste  for  which  the 
demonstration  is  submitted  where  he 
has  reason  to  believe  that  variability 
of  the  waste  justifies  a  partial  exclu¬ 
sion. 

<m)  The  Administrator  may  (but 
shall  not  be  required  to)  grant  a  tem¬ 
porary  exclusion  before  making  a  final 
decision  under  3  260.20(d)  whenever  he 
finds  that  there  is  a  substantial  likeli¬ 
hood  that  an  exclusion  will  be  finally 
granted.  The  Administrator  will  pub¬ 
lish  notice  of  any  such  temporary  ex¬ 
clusion  in  the  Federal  Register. 

Editorial  Note  For  information  on  the 
availability  of  a  guidance  manual  for  peti¬ 
tions  to  delist  hazardous  wastes,  see  SO  FR 
21607,  May  28.  1386. 

I  260.30  Variances  from  classification  as  a 
solid  waste. 

In  accordance  with  the  standards 
and  criteria  in  3  280.31  and  the  proce¬ 
dures  In  3  260.33.  the  Regional  Admin¬ 
istrator  may  determine  on  a  case-by- 
case  basis  that  the  following  recycled 
materials  are  not  solid  wastes: 

(a)  Materials  that  are  accumulated 
speculatively  without  sufficient 
amounts  being  recycled  (as  defined  in 
3  281.1(c)(8)  of  this  chapter): 

(b)  Materials  that  are  reclaimed  and 
then  reused  within  the  original  pri¬ 
mary  production  process  In  which 
they  were  generated: 

(c)  Materials  that  have  been  re¬ 
claimed  but  must  be  reclaimed  further 
before  the  materials  are  completely  re¬ 
covered. 

(30  FTt  661,  Jan.  4.  1986;  30  FR  14219.  Apr. 
11.  19861 

Trrarrm  Dat*  Note  At  30  FR  661,  Jan. 
4.  1986.  |  280.30  was  added,  effective  July  3. 
1986. 

9  260.31  Standards  and  criteria  for  var¬ 
iances  from  classiflcstion  ss  s  solid 

waste. 

(a)  The  Regional  Administrator  may 
grant  requests  for  a  variance  from 
classifying  as  a  solid  waste  those  mate¬ 
rials  that  are  accumulated  speculative¬ 
ly  without  sufficient  amounts  being 
recycled  If  the  applicant  demonstrates 
that  sufficient  amounts  of  the  materi¬ 
al  will  be  recycled  or  transferred  for 
re. /ding  In  the  following  >ear.  If  a 
variance  is  granted.  It  is  valid  only  for 


the  following  year,  but  can  be  re¬ 
newed.  on  an  annual  basis,  by  filing  a 
new  application.  The  Regional  Admin¬ 
istrator's  declston  will  be  based  on  the 
following  standards  and  criteria: 

(1)  The  manner  in  which  the  materi¬ 
al  is  expected  to  be  recycled,  when  the 
material  Is  expected  to  be  recycled, 
and  whether  this  expected  disposition 
Is  likely  to  occur  (for  example,  because 
cf  past  practice,  market  factors,  the 
nature  of  the  material,  or  contractual 
arrangements  for  recycling): 

(2)  The  reason  that  the  applicant 
has  accumulated  the  material  for  one 
or  more  years  without  recycling  •  75 
percent  of  the  volume  accumulated  at' 
the  beginning  of  the  year: 

(3>  The  quantity  of  material  already 
accumulated  and  the  quantity  expect¬ 
ed  to  be  generated  and  accumulated 
before  the  material  is  recycled: 

(4)  The  extent  to  which  the  material 
Is  handled  to  minimize  loss; 

(5)  Other  relevant  factors. 

(b)  The  Regional  Administrator  may 
grant  requests  for  a  variance  from 
classifying  as  a  solid  waste  those  mate¬ 
rials  that  are  reclaimed  and  then 
reused  as  feedstock  within  the  original 
primary  production  process  In  which 
the  materials  were  generated  If  the 
reclamation  operation  is  an  essential 
part  of  the  production  process.  This 
determination  will  be  based  on  the  fol¬ 
lowing  criteria: 

(1)  How  economically  viable  the  pro¬ 
duction  process  would  be  if  It  were  to 
use  virgin  materials,  rather  than  re¬ 
claimed  materials: 

(2)  The  prevalence  of  the  practice  on 
an  industry-wide  basis; 

(3)  The  extent  to  which  the  material 
is  handled  before  reclamation  to  mini¬ 
mize  loss; 

(4)  The  time  periods  between  gener¬ 
ating  the  material  and  its  reclamation, 
and  between  reclamation  and  return 
to  the  original  primary  production 
process: 

(5)  The  location  of  the  reclamation 

operation  In  relation  to  the  production 
process:  , 

(8)  Whether  the  reclaimed  material 
Is  used  for  the  purpose  for  which  it 
was  originally  produced  when  it  Is  re¬ 
lumed  to  the  original  process,  and 
whether  It  Is  returned  to  the  process 
In  substantially  Its  original  form: 
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(7)  Whether  the  person  who  gener¬ 
ates  the  material  also  reclaims  it: 

<8)  Other  relevant  factors. 

(c)  The  Regional  Administrator  may 
grant  requests  for  a  variance  from 
classifying  as  a  solid  waste  those  mate¬ 
rials  that  have  been  reclaimed  but 
must  be  reclaimed  further  before  re¬ 
covery  is  completed  if.  after  Initial  rec¬ 
lamation.  the  resulting  material  is 
commodity-like  (even  though  it  is  not 
yet  a  commercial  product,  and  has  to 
be  reclaimed  further).  This  determina¬ 
tion  will  be  based  on  the  following  fac¬ 
tors: 

<  l )  The  degree  of  processing  the  ma¬ 
terial  has  undergone  and  the  degree  of 
further  processing  that  is  required: 

(2)  The  value  of  the  material  after  it 
has  been  reclaimed; 

<3)  The  degree  to  which  the  re¬ 

claimed  material  is  like  an  analogous 
raw  material: 

(4)  The  extent  to  which  an  end 

market  for  the  reclaimed  material  is 
guaranteed: 

(5)  The  extent  to  which  the  re¬ 

claimed  material  is  handled  to  mini¬ 
mize  loss; 

(8)  Other  relevant  factors. 

[aO  FH  662.  Jan.  4.  1985] 

Errtcrivx  Datt  Noth  At  50  FR  862.  Jan. 
4.  1985.  5  269.31  was  added,  effective  July  5. 
1985. 

8  260.32  Variance  to  be  classified  as  a 
boiler. 

In  accordance  with  the  standards 

and  criteria  in  5  260.10  (definition  of 
"boiler"),  and  the  procedures  in 
5  260.33.  the  Regional  Administrator 
may  determine  on  a  case-by-case  basis 
that  certain  enclosed  devices  using 
controlled  flame  combustion  are  boil¬ 
ers.  even  though  they  do  not  other¬ 
wise  meet  the  definition  of  boiler  con¬ 
tained  in  5  260.10.  after  considering 
the  following  criteria: 

(a)  The  extent  to  which  the  unit  has 
provisions  for  recovering  ar.d  export¬ 
ing  thermal  energy  in  the  form  of 
steam,  heated  fluids,  or  heated  gases: 
and 

(b)  The  extent  to  which  the  combus¬ 
tion  chamber  and  energy  recovery 
equipment  are  of  integral  design;  and 

(c)  The  efficiency  of  energy  recov¬ 
ery,  calculated  in  terms  of  the  recov- 
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ered  energy  compared  with  the  ther¬ 
mal  value  of  the  fuel;  and 
(d)  The  extent  to  which  exported 
energy  is  utilized;  and 
ie)  The  extent  to  which  the  device  is 
in  common  and  customary  use  as  a 
"boiler"  functioning  primarily  to 
produce  steam,  heated  fluids,  or 
heated  gases:  and 
(f)  Other  factors,  as  appropriate. 

(50  FR  882.  Jan.  4.  19851 
ErrtCTivr  Datx  Nott:  At  50  FR  662.  Jan. 
4.  1985.  5  280.32  was  added,  effective  July  5. 
1985. 

8  280.33  Procedures  for  variances  from 
classification  aa  a  solid  waste  or  to  be 
claasified  aa  a  boiler. 

The  Regional  Administrator  will  use 
the  following  procedures  in  evaluating 
applica-.ons  for  variances  from  classi¬ 
fication  as  a  solid  waste  or  applica¬ 
tions  to  classify  particular  enclosed 
flame  combustion  devices  as  boilers: 

(a)  The  applicant  must  apply  to  the 
Regional  Administrator  in  the  region 
where  the  recycler  is  located.  The  ap¬ 
plication  must  address  the  relevant 
criteria  contained  In  i  260.31  or 
5  260.32  of  this  part. 

(b)  The  Regional  Administrator  will 
evaluate  the  application  and  issue  a 
draft  notice  tentatively  granting  or  de¬ 
nying  the  application.  Notification  of 
this  tentative  decision  will  be  provided 
by  newspaper  advertisement  and  radio 
broadcast  in  the  locality  where  the  re¬ 
cycler  is  located.  The  Regional  Admin¬ 
istrator  will  accept  comment  on  the 
tentative  decision  for  30  days,  and  may 
also  hold  a  public  hearing  upon  re¬ 
quest  or  at  his  discretion.  The  Region¬ 
al  Administrator  will  issue  a  final  deci¬ 
sion  after  receipt  of  comments  and 
after  the  hear.ug  (if  any),  and  this  de¬ 
cision  may  net  be  appealed  to  the  Ad¬ 
ministrator. 

(50  FR  682.  Jan.  4.  19851 
ErricTtvg  Date  Note:  At  50  FR  662.  Jar.. 
4.  1985.  1  260.33  xas  added,  effective  July  5. 
1985. 

§  260  40  Additional  regulation  of  certain 
hazardous  waste  recycling  activities  on 
a  case-by-case  basis. 

tai  The  Regioral  Administrator  may 
decide  on  a  case-by-case  basis  that  per¬ 
sons  accumulating  or  storing  the  recy- 
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clable  materials  described  tn 
i  261.6(a)(2Xiv)  of  this  chapter  should 
be  regulated  under  5  261.8  (b)  and  (c> 
of  this  chapter.  The  basis  for  this  deci¬ 
sion  is  that  the  materials  are  being  ac¬ 
cumulated  or  stored  in  a  manner  that 
does  not  protect  human  health  and 
the  environment  because  the  materials 
or  their  toxic  constituents  have  not 
been  adequately  contained,  or  because 
the  materials  being  accumulated  or 
stored  together  are  incompatible.  In 
malting  this  decision,  the  Regional  Ad¬ 
ministrator  will  consider  the  following 
factors: 

(1)  The  types  of  materials  accumu¬ 
lated  or  stored  and  the  amounts  accu¬ 
mulated  or  stored: 

(2)  The  method  of  accumulation  or 
storage: 

(3)  The  length  of  time  the  materials 
have  been  accumulated  or  stored 
before  being  reclaimed: 

(4)  Whether  any  contaminants  are 
being  released  Into  the  environment, 
or  are  likely  to  be  so  released:  and 

(5)  Other  relevant  factors. 

The  procedures  for  this  decision  are 
set  forth  in  5  260.41  of  this  chapter. 

[50  FR  662.  Jan.  4.  19851 

Emam  Date  Note:  At  50  FR  662,  Jan. 
4.  1985:  5  280.40  waa  added,  effective  July  5. 
1985. 

9  260.41  Procedures  for  ca*«-by-caa*  regu¬ 
lation  of  hazardous  waste  recycling  ac¬ 
tivities. 

The  Regional  Administrator  will  use 
the  following  procedures  when  deter¬ 
mining  whether  to  regulate  hazardous 
waste  recycling  activities  described  in 
5  261.6(aX2Xiv)  under  the  provisions 
of  5  261.6  (b)  and  <c>,  rather  than 
under  the  provisions  of  Subpart  F  of 
Part  266  of  this  chapter. 

(a)  If  a  generator  is  accumulating 
the  waste,  the  Regional  Administrator 
will  issue  a  notice  setting  forth  the 
factual  basis  for  the  decision  and  stat¬ 
ing  that  the  person  must  comply  with 
the  applicable  requirements  of  Sub¬ 
parts  A.  C.  D,  and  E  of  Part  262  of  this 
chapter.  The  notice  will  become  final 
within  30  days,  unless  the  person 
served  requests  a  public  hearing  to 
challenge  the  decision.  Upon  receiving 
such  a  request,  the  Regional  Adminis¬ 
trator  will  hold  a  public  hearing.  The 
Regional  Administrator  will  provide 


notice  of  the  hearing  to  the  public  and 
allow  public  participation  at  the  hear¬ 
ing.  The  Regional  Administrator  will 
Issue  a  final  order  after  the  hearing 
stating  whether  or  not  compliance 
with  Part  262  is  required.  The  order 
becomes  effective  30  days  after  service 
of  the  decision  unless  the  Regional 
Administrator  specifies  a  later  date  or 
unless  review  by  the  Administrator  is 
requested.  The  order  may  be  appealed 
to  the  Administrator  by  any  person 
who  participated  in  the  public  hear¬ 
ing.  The  Administrator  may  choose  to 
grant  or  to  deny  the  appeal.  Final 
Agency  action  occurs  when  a  final 
order  is  issued  and  Agency  review  pro¬ 
cedures  are  exhausted. 

(b)  If  the  person  is  accumulating  the 
recyclable  material  as  a  storage  facili¬ 
ty.  the  notice  will  state  that  the 
person  must  obtain  a  permit  in  accord¬ 
ance  with  all  applicable  provisions  of 
Parts  270  and  124  of  this  chapter.  The 
owner  or  operator  of  the  facility  must 
apply  for  a  permit  within  no  less  than 
60  days  and  no  more  than  six  months 
of  notice,  as  specified  in  the  notice.  If 
the  owner  or  operator  of  the  facility 
wishes  to  challenge  the  Regional  Ad¬ 
ministrator’s  decision,  he  may  do  so  in 
his  permit  application,  in  a  public 
hearing  held  on  the  draft  permit,  or  in 
comments  filed  on  the  draft  permit  or 
on  the  notice  of  intent  to  deny  the 
permit.  The  fact  sheet  accompanying 
the  permit  will  specify  the  reasons  for 
the  Agency’s  determination.  The  ques¬ 
tion  of  whether  the  Regional  Adminis¬ 
trator's  decision  was  proper  will 
remain  open  for  consideration  during 
the  public  comment  period  discussed 
under  5  124.11  of  this  chapter  and  in 
any  subsequent  hearing. 

[50  FR  883.  Jan.  4.  1985] 

Effective  Date  Note:  At  50  FR  663.  Jan.  4. 
1985.  5  260.41  was  added,  effective  July  5. 
1985. 


Appendix  I— Overview  or  Subtitle  C 
Regulations 

The  Agency  believes  that  there  are  many 
people  who  suspect,  but  are  not  sure,  that 
their  activities  are  subject  to  control  under 
the  RCRA  Subtitle  C  rules.  This  appendix 
is  written  [or  these  people,  [t  is  design»d  to 
help  those  who  are  unfamiliar  with  the  haz¬ 
ardous  waste  control  program  determine 
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with  which.  If  any,  of  the  regulations  they 
should  comply. 

Definition  a/ Solid  Watte 

The  first  question  which  such  a  person 
should  ask  himself  is:  "Is  the  material  I 
Handle  a  solid  waste?"  If  the  answer  to  this 
question  Is  "No",  then  the  material  Is  not 
subject  to  control  under  RCRA  and.  there¬ 
fore.  the  person  need  not  worry  about 
whether  he  should  comply  with  the  Subtitle 
C  rules. 

Section  281.2  of  this  chapter  provides  a 
definition  of  "solid  waste"  which  expands 
the  statutory  definition  of  that  term  given 
in  section  1004(27)  of  RCRA.  This  definition 
Is  diagrammed  In  Figure  1  below. 

Figure  1  explains  that  all  materials  are 
either:  (1)  Garbage  refuse,  or  sludge:  (2) 
solid,  liquid,  semi-solid  or  contained  gaseous 
material:  or  (3)  something  else.  No  materials 
In  the  third  category  are  solid  waste.  All  ma¬ 
terials  In  the  first  category  are  solid  waste. 
Materials  In  the  second  categ-ry  are  solid 
waste  unless  they  are  one  of  the  five  exclu¬ 
sions  specified  In  I  261.4(a). 

Definition  of  Hazardous  Waste 

If  a  person  has  determined  that  his  mate-, 
rial  Is  a  "solid  waste",  the  next  question  he 
should  ask  Is:  "Is  the  solid  waste  I  handle  a 
hazardous  waste?" 

Hazardous  waste  Is  defined  In  5  281.3  of 
this  chapter.  Section  281.3  provides  that.  In 
general,  a  solid  waste  Is  a  hazardous  waste 
If:  (1)  It  Is.  or  contains,  a  hazardous  waste 
listed  In  Subpart  D  of  Part  281  of  this  chap¬ 
ter.  or  (2)  the  waste  exhibits  any  of  the 
characteristics  defined  in  Subpart  C  of  Part 
261.  However.  Parts  260  and  261  also  con¬ 
tain  provisions  which  exclude  (SI  261.4(b), 
260.20,  and  260.22)  certain  solid  wastes  from 
the  definition  of  "hazardous  waste",  even 
though  they  are  listed  In  Sohpart  D  or  ex¬ 
hibit  one  or  more  of  the  characteristics  de¬ 
fined  In  Subpart  C.  Figure  2  depicts  the 
Interplay  of  these  special  provisions  with 
the  definition  of  "hazardous  waste".  It  pre¬ 
sents  a  series  of  questions  which  a  person 
should  ask  himself  concerning  his  waste. 
After  doing  so.  the  person  should  be  able  to 
determine  if  the  solid  waste  he  handles  is  a 
hazardous  waste. 

Hazardous  Waste  Regulations 

If  this  is  the  case,  the  person  should  look 
at  Figure  3.  Figure  3  depicts  the  special  pro¬ 
visions  specified  in  the  final  Part  261  rules 
for  hazardous  waste  which: 

1.  Is  generated  by  a  small  quantity  genera¬ 
tor 

2.  Is  or  is  intended  to  b“  legitimately  and 
beneficially  used,  re-used,  recycled,  or  re 
claimed 
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3.  Is  a  sludge:  Is  listed  In  Part  281.  Subpart 

D:  or  is  a  mixture  containing  a  waste 

listed  In  Part  261.  Subpart  D. 

For  each  of  these  Groups.  Figure  3  Indi¬ 
cates  with  which  Subtitle  C  regulations  (If 
any)  the  person  handling  these  wastes  must 
comply.  Figure  3  also  explains  that,  if  a 
person  handles  hazardous  waste  which  Is 
not  Included  In  any  one  of  the  above  three 
categories,  his  waste  Is  subject  to  the  Sub¬ 
title  C  regulations  diagrammed  In  Figure  4. 

Figure  4  Is  a  flowchart  which  Identifies 
the  three  categories  of  activities  regulated 
under  the  Subtitle  C  rules,  and  the  corre¬ 
sponding  set  of  rules  with  which  people  In 
each  of  these  categories  must  comply.  It 
points  out  that  all  people  who  handle  haz¬ 
ardous  waste  are  either  (1)  Generators  of 
hazardous  waste.  (2)  transporters  of  hazard¬ 
ous  waste,  (3)  owners  or  operators  of  haz¬ 
ardous  waste  treatment,  storage,  or  disposal 
facilities,  or  (4)  a  combination  of  the  above. 
Figure  4  Indicates  that  all  of  these  people 
must  notify  EPA  of  their  hazardous  waste 
activities  In  accordance  with  the  Section 
3010  Notification  Procedures  (see  45  FR 
12748  et  seq.i.  and  obtain  an  EPA  identifica¬ 
tion  number. 

It  should  be  noted  that  people  handling 
wastes  listed  In  Subpart  D  of  Part  261  who 
have  filed,  or  who  Intend  to  file  an  applica¬ 
tion  to  exempt  their  waste  from  regulation 
under  the  Subtitle  C  rules,  must  also 
comply  with  the  notification  requirements 
of  section  3010. 

If  a  person  generates  hazardous  waste. 
Figure  4  Indicates  that  he  must  comply  with 
the  Part  262  rules.  If  he  transports  it.  he 
must  comply  with  the  Part  263  rules.  The 
standards  In  both  these  Parts  are  designed 
to  ensure,  among  other  things,  proper  rec¬ 
ordkeeping  and  reporting,  the  use  of  a 
manifest  system  to  track  shipments  of  haz¬ 
ardous  waste,  the  use  of  proper  labels  and 
containers,  and  the  delivery  ol  the  waste  to 
a  permitted  treatment,  storage,  or  disposal 
facility. 

If  a  person  owns  or  operates  a  facility 
which  treats,  stores,  or  disposes  of  hazard¬ 
ous  waste,  the  standards  with  which  he 
must  comply  depend  on  a  number  of  fac¬ 
tors.  First  of  all.  il  the  owner  or  operator  of 
a  storage  facility  is  also  the  person  who  gen¬ 
erates  the  waste,  and  the  waste  is  stored  at 
the  facility  for  less  than  90  days  for  subse¬ 
quent  shipment  o'lf-site.  then  the  person 
must  comply  with  5  262.34  of  the  Part  262 
rules. 

All  other  owners  or  operators  of  treat¬ 
ment.  storage,  or  disposal  facilities  must 
comply  with  either  the  Part  264  or  the  Part 
265  rules.  To  determine  with  which  of  these 
sets  of  rules  an  owner  or  operator  must 
comply,  he  must  find  out  whether  his  facili¬ 
ty  qualifies  for  imerim  status  To  quaiif;. 
the  owner  or  operator  must  1  -  Ha'-'-  been 
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treating,  storing,  or  disposing  of  the  hazard¬ 
ous  waste,  or  commenced  facility  construc¬ 
tion  on  or  before  October  21.  1978.  i2) 
comply  with  the  Section  3010  notification 
requirements,  and  <3)  apply  for  a  permit 
under  Part  270  of  this  chapter. 

If  the  owner  or  operator  has  done  all  of 
the  above,  he  qualifies  for  interim  status, 
and  he  must  comply  with  the  Part  285  rules. 
These  rules  contain  administrative  require¬ 
ments.  monitoring  and  closure  standards, 
and  an  abbreviated  set  of  technical  and  clo¬ 
sure  and  post-closure  cost  estimate  require¬ 
ments.  The  owner  or  operator  must  comply 
with  these  standards  until  final  administra¬ 
tive  disposition  of  his  permit  application  is 
made.  If  a  permit  is  issued  to  the  owner  or 
operator,  he  must  then  comply  with  the 
permit  which  will  be  based  on  the  Part  284 
rules. 
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If  the  owner  or  operator  has  not  carried 
out  the  above  three  requirements,  he  does 
not  qualify  for  interim  status.  Until  he  is 
issued  a  permit  for  his  facility,  the  owner  or 
operator  must  stop  waste  management  oper 
ations  ;if  any)  at  the  facility,  and  send  his 
hazardous  waste  (if  any)  to  a  facility  whose 
owner  or  operator  has  interim  status  or  to  a 
storage  facility  following  the  Part  262  rules. 

In  order  to  apply  for  a  permit,  the  owner 
or  operator  must  comply  with  the  proce¬ 
dures  specified  in  Part  270  of  this  chapter. 

It  should  be  noted  that  the  Agency  will  be 
periodically  revising  the  rules  depicted  in 
Figures  3  and  4.  All  persons  are  encouraged 
to  write  to  EPA  to  verify  that  the  regula¬ 
tions  which  they  are  reading  are  up-to-date. 
To  obtain  this  verification,  contact:  Solid 
Waste  Information.  U.S.  Environmental 
Protectlor  ‘gency.  28  West  St.  Clair  Street. 
Cincinnati.  Ohio  45288  (513)  684-5382. 
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B.  HAZARDOUS  WASTE 
PART  261 

IDENTIFICATION  AND  LISTING  OF  HAZARDOUS  WASTE 

40  CFR  261 
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fAfft  261 — IDENTIFICATION  AND 
USTING  OF  H'  „A*DOU5  WASH 

Uitopm*  A — 

I  Purpose  and  srop<* 

-fl  2  Definition  of  solid  »a*ir 
"61  3  Definition  of  hazardous  ante 
261  4  Exclusions 

261  5  Special  requirements  for  hazardous 
aaste  generated  by  small  quantity  gen* 
erators. 

261  6  Requirement*  for  recyclable  matert- 
sis. 

^61  "  Residues  of  hazardous  waste  in 
empty  containers. 

§— C/ifaf4a  for  Haw4lfylw9  tba  Chars**- 
»«r4st4«s  •*  Maiar^au*  Wasta  far  listing 

Haxardous  Wastes 

*26 1  10  Criteria  for  Identifying  the  charac¬ 
teristics  of  hazardous  waste. 

261.11  Criteria  for  listing  hazardous  waste. 

So  apart  c — Charorlarlstk*  a#  Hazardous 
Wasta 

261.20  General. 

261.21  Characteristic  of  Ignitablllty. 

261 .22  Characteristic  of  corrosivity 

261.23  Characteristic  of  reactivity. 

261.24  Characteristic  of  EP  toxicity. 

Subpart  0— liiti  of  Hazardous  Wasta* 

261.30  General. 

26131  Hazardous  wastes  from  non-specific 
sources.  - 

261.32  Hazardous  wastes  from  specific 
sources. 

261.33  Discarded  commercial  chemical 
products,  off-speciflcation  species,  con¬ 
tainer  residues,  and  spill  residues  there¬ 
of. 

Appendices 

Appendix  I— Representative  Sampling 
Methods 

Appendix  II— EP  Toxicity  Test  Proce¬ 
dures 

Appendix  III— Chemical  Analysis  Test 
Methods 

Appendix  IV— [Reserved  pop  Radioactive 
Waste  Test  Methods! 

Appendix  V— (Reserved  tor  Infectious 
Waste  Treatment  Specifications] 
Appendix  VI— (Reserved  for  Etiologic 
Agents] 

Appendix  VII— Basis  for  Listinc  Hazard¬ 
ous  Waste 

Appendix  VIII  — Hazardous  Constituents 
•Appendix  IX  -  Wastes  Ex'!’  rim  1‘nder 
*,  i  260  20  and  260  22 
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see 

Amenix  X-MrTMoo  or  Aj.mrs  mr 
Clo»ii>«ttt>  D  "Orr n  -  Dioxins  snb  Dl 
arazortuues 

Al-moxlTT  £er*  1006  10021  x  i  3001  ar.d 
3002  of  the  SonC  Wulr  Disposal  Act  as 
amended  by  the  K  voerre  Consrrvaiion  and 
Recovery  Act  of  1  -IS.  as  amended  42  U  S  C 
6905.  691 2l  a  i.  692.  \  d  6922' 

Sooxcr  45  FR  3.3  .  '.  May  19  1980.  unless 
otherx-ise  nc‘-**i 

Subpcr*  A — Ganaral 

8  261.1  Purpose  and  kok. 

(a)  This  part  identifies  those  solid 
wastes  which  are  subject  to  regulation 
as  hazardous  wastes  under  Parts  262 
through  265  and  Parts  270.  271.  and 
124  of  this  chapter  and  which  are  sub¬ 
ject  to  the  notification  requirements 
Of  section  3010  of  RCRA.  In  this  part: 

(1)  Subpart  A  defines  the  terms 
"solid  waste"  and  "hazardous  waste." 
identifies  those  wastes  which  are  ex¬ 
cluded  from  regulation  under  Parts 
282  through  265.  270.  271  and  124  and 
establishes  special  management  re¬ 
quirements  for  hazardous  waste  pro¬ 
duced  by  small  quantity  generators 
and  hazardous  waste  which  is  used,  re¬ 
used.  recycled  or  reclaimed. 

(2)  Subpart  B  sets  forth  the  criteria 
used  by  EPA  to  identify  characteris¬ 
tics  of  hazardous  waste  and  to  list  par¬ 
ticular  hazardous  wastes. 

(3)  Subpart  C  identifies  characteris¬ 
tics  of  hazardous  waste. 

(4)  Subpart  D  lists  particular  haz¬ 
ardous  wastes. 

(b) (1)  The  definition  of  solid  waste 
contained  in  this  part  applies  only  to 
wastes  that  also  are  hazardous  for  pur¬ 
poses  of  the  regulations  implementing 
Subtitle  C  of  RCRA.  For  example,  it 
does  not  apply  to  materials  (such  as 
non-hazardous  scrap,  paper,  textiles, 
or  rubber)  that  are  not  otherwise  haz¬ 
ardous  wastes  and  that  are  recycled. 

(2)  This  part  identifies  only  some  of 
the  materials  which  are  solid  wastes 
and  hazardous  wastes  under  Sections 
3007.  3013,  and  7003  of  RCRA  A  mate¬ 
rial  which  is  not  defined  as  a  solid 
waste  in  this  part,  or  is  not  a  hazard¬ 
ous  waste  identified  or  listed  in  this 
part,  is  still  a  solid  waste  and  a  hazard- 
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ous  tiilr  for  purposes  of  these  see 
nons  if 

'|i  In  the  rase  of  Sections  3007  and 
3013.  EPA  has  reason  to  believe  that 
the  material  may  be  a  solid  waste 
within  the  meaning  of  Section 
li)04i  27 )  ot  RCRA  and  a  hazardous 
waste  within  the  meaning  of  Section 
10041 3 1  of  RCRA.  or 

mi  In  the  case  of  Section  7003.  the 
statutory  elements  are  established. 

ic.i  For  the  purposes  of  jj  261  2  and 
2616. 

1 1'  A  "spent  material"  is  any  materi¬ 
al  that  has  been  used  and  as  a  result 
of  contamination  can  no  longer  serve 
the  purpose  for  which  it  was  produced 
without  processing; 

i2)  Sludge  "  has  the"  same  meaning 
used  in  §  260.10  of  this  chapter. 

(3)  A  by-product  "  is  a  material  that 
is  not  one  of  the  primary  products  of  a 
production  process  and  is  not  solely  or 
separately  produced  by  the  production 
process.  Examples  are  process  residues 
sucn  as  slags  or  distillation  column 
bottoms.  The  term  does  not  include  a 
co-product  that  is  produced  for  the 
general  public's  use  and  is  ordinarily 
used  in  the  form  it  is  produced  by  the 
process. 

(4)  A  material  is  "reclaimed"  if  it  is 
processed  to  recover  a  usable  product, 
or  if  It  Is  regenerated.  Examples  are 
recovery  of  lead  values  from  spent  bat¬ 
teries  and  regeneration  of  spent  sol¬ 
vents. 

t5)  A  material  Is  "used  or  reused"  if 
it  is  either: 

(i)  Employed  as  an  ingredient  (in¬ 
cluding  use  as  an  Intermediate)  In  an 
industrial  process  to  make  a  product 
(for  example,  distillation  bottoms 
from  one  process  used  as  feedstock  In 
another  process).  However,  a  material 
will  not  satisfy  this  condition  if  dis¬ 
tinct  components  of  the  material  are 
recovered  as  separate  end  products  (as 
when  metals  are  recovered  from 
metal-containing  secondary  materials): 
or 

■ii)  Employed  in  a  particular  func¬ 
tion  or  application  as  cm  effective  sub¬ 
stitute  for  a  commercial  product  ‘for 
example,  spent  pickle  liquor  used  as 
phosphorous  precipitant  and  sludge 
conditioner  in  wastewater  treatment). 

•6>  Scrap  metal"  is  bits  and  pieces 
of  rr  ,.al  par’s  bars,  turnings. 
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rbds.  sheets,  wire)  or  metal  pieces  that 
may  be  combined  together  with  bolls 
or  soldering  <e.  J..  radiators,  scrap  auto 
mobiles,  railroad  box  cars*,  whicn 
when  worn  or  superfluous  can  be  recy- 
cied. 

1 7)  A  material  is  recycled"  if  it  is 
used,  reused,  or  reclaimed. 

8>  A  material  is  ■"accumulated  spec¬ 
ulatively  ",  if  it  is  accumulated  before 
being  recycled.  A  material  is  not  accu¬ 
mulated  speculatively,  however,  if  the 
person  accumulating  it  can  show  that 
the  material  is  potentially  recyclable 
and  has  a  feasible  means  of  being  recy¬ 
cled;  and  that— during  the  calendar 
year  (commencing  on  January  1)— the 
amount  of  material  that  is  recycled,  or 
transferred  to  a  different  site  for  recy¬ 
cling.  equals  at  least  75  perrenr  by 
weight  or  volume  of  the  amount  of 
that  material  accumulated  at  the  be¬ 
ginning  of  the  period.  In  calculating 
the  percentage  of  turnover,  the  75  per¬ 
cent  requirement  is  to  be  applied  to 
each  material  of  the  same  type  (e.?.. 
slags  from  a  single  smelting  process) 
that  is  recycled  in  the  same  way  ( le .. 
from  which  the  same  material  is  recov¬ 
ered  or  that  is  used  In  the  same  way). 
Materials  accumulating  in  units  that 
would  be  exempt  from  regulation 
under  §  261.4(c)  are  not  be  Included  in 
making  the  calculation.  (Materials 
that  are  already  defined  as  solid 
wastes  also  are  not  to  be  included  in 
making  the  calculation.)  Materials  are 
no  longer  in  this  category  once  they 
are  removed  from  accumulation  for  re¬ 
cycling.  however. 

(45  FR  33119,  May  19.  t980.  as  amended  at 
48  FR  14293.  Apr.  t.  1983;  50  FR  863.  Jan.  4. 
1985) 

ErrtcTivt  Dart  NoTt  At  50  FR  563.  Jan 

4,  1985.  j  261.1(c)  was  added,  effective  July 

5.  1985. 

§  261.2  Definition  of  solid  waste. 

<a)(l)  A  solid  waste  Is  any  discarded 
material  tha’  is  not  excluded  by 
5  281.4(a)  or  that  is  not  excluded  by 
variance  granted  under  51  260.30  and 
260.31. 

■  2)  A  discarded  material  is  any  mate¬ 
rial  which  is: 

•1)  Abandoned,  as  -xplained  in  para 
graph  "  b i  of  this  section;  or 
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d|)  Recycled.  as  explained  in  para- 
— sPh  ic >  of  this  section;  or 
,111)  Considered  inherently  waste- 
Itke.  as  explained  in  paragraph  <d)  of 
this  section. 

,b)  Materials  are  solid  waste  if  they 
*re  abandoned  by  being: 

( l )  Disposed  of;  or 
<2)  Burned  or  incinerated:  or 
(3)  Accumulated,  stored,  or  treated 
(but  not  recycled)  before  or  in  lieu  of 
being  abandoned  by  being,  disposed  of. 
burned,  or  Incinerated. 

(C)  Materials  are  solid  wastes  If  they 
*re  recycled— or  accumulated,  stored. 
or  treated  before  recycling— as  spec!- 
(led  in  paragraphs  (c)(1)  through 
(C»4)  of  this  section. 

(1)  Used  in  a  manner  constituting 
disposal  (i)  Materials  noted  with  a 
in  Column  1  of  Table  I  are  solid  wastes 
when  they  are: 

(A)  Applied  to  or  placed  on  the  land 
in  a  manner  that  constitutes  disposal; 
or 
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(B)  Contained  in  products  that  are 
applied  to  the  land  (in  which  case  the 
product  .iself  remains  a  solid  waste). 

(It)  However,  commercial  chemical, 
products  listed  In  }  261.33  are  not  solid 
wastes  if  they  are  applied  to  the  land 
and  that  is  their  ordinary  manner  of 
use. 

(2)  Burning  for  energy  recovery,  it) 
Materials  noted  with  a  "*"  in  column  2 
of  Table  1  are  solid  wastes  when  they 
are: 

(A)  Burned  to  recover  energy: 

(B)  Used  to  produce  a  fuel: 

(C)  Contained  in  fuels  (in  which  case 
the  fuel  itself  remains  a  solid  waste). 

(11)  However,  commercial  chemical 
products  listed  in  $  281.33  are  not  solid 
wastes  if  they  are  themselves  fuels. 

(3)  Reclaimed.  Materials  noted  with 

a  .  in  column  3  of  Table  1  are  solid 

wastes  when  reclaimed. 

(4)  Accumulated  speculatively.  Mate¬ 
rials  noted  with  a  in  column  4  of 
Table  1  are  solid  wastes  when  accumu¬ 
lated  speculatively. 


Tabue  1 


UM 

.  cOMtituhrKJ 

asooaaf 

I  (261  2(c)(1)) 

(1) 

racov**V 

(261  2(c)(2)) 

(2) 

Pactama- 

oon 

(26t  2(c)(3)) 

(3) 

Soacuiatrva 

accumuia 

tion 

(2fii  2ic::4»i 

l4) 

SO#nt  MaiaoaiS 

n 

n 

C) 

a 

SuOqas  (listad  m  40  CPP  26 '  31  or  32) 

n 

n 

C) 

Shx*jm  auditing  a  cnarictarstic  o*  hazardous  watt* 

O 

(’! 

»*) 

Sy-orcxJucts  (listad  m  aO  CFR  Parr  26 1  3’  or  261  32) 

Byproducts  a  characiaostic  o<  hazardous  wasta 

n  • 
n 

n 

Cor*m«fCta;  chanvcai  products  intad  in  40  CFR  9  26 1  33 

(*) 

n 

Scrap  triatai 

ci 

Not*  — Ths  '*"-1  SluegAI  ,  Dy-pfOduCtJ  tnd  SCUD  ars  -  '  26  1 


(d)  Inherently  waste-like  materials. 
The  following  materials  are  solid 
wastes  when  they  are  recycled  in  any 
manner: 

(1)  Hazardous  Waste  Nos.  F020.  F021 
(unless  used  as  an  ingredient  to  make 
a  product  at  the  site  of  generation). 
F022.  F023.  F02t>.  and  F028. 

1 2)  The  Administrator  will  use  the 
following  criteria  to  add  wastes  to  that 
list: 

(in A)  The  materials  are  ordinarily 
disposed  of.  burned,  or  incinerated:  or 
B  The  materials  contain  toxic  con¬ 
stituents  listed  in  Appendix  VIII  of 
Par-  261  and  these  constituents  are 


not  ordinarily  found  in  raw  materials 
or  products  for  which  the  materials 
substitute  <or  are  found  in  raw  materi¬ 
als  or  products  in  smaller  concentra¬ 
tions)  and  are  not  used  or  reused 
during  the  recycling  process;  and 
(ii)  The  material  may  pose  a  sub¬ 
stantial  hazard  to  human  health  and 
the  environment  when  recycled. 

(et  Materials  that  are  not  solid  waste 
when  recycled.  <1>  Materials  are  not 
solid  wastes  when  they  can  be  shown 
to  be  recycled  by  being: 

r  t )  Used  or  reused  as  ingredients  in 
an  industrial  process  to  make  a  prod- 
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jet.  provided  the  materials  are  not 
being  reclaimed:  or 

U'  Used  or  reused  as  effective  sub¬ 
stitutes  for  commercial  products:  or 
tin  Returned  to  the  original  process 
from  which  they  are  generated,  with¬ 
out  first  being  reclaimed.  The  material 
must  be  returned  as  a  substitute  for 
raw  material  feedstock,  and  the  proc¬ 
ess  must  use  raw  materials  as  principal 
feedstocks. 

<2>  The  following  materials  are  solid 
wastes,  even  if  the  recycling  involves 
use.  reuse,  or  return  to  the  original 
process  (described  In  paragraphs  (e)(1) 

(i)-(iii)  of  this  section): 

ii>  Mater.als  used  In  a  manner  con¬ 
stituting  disposal,  or  used  to  produce1 
products  that  are  applied  to  the  land: 
or 

(ii)  Materials  burned  for  energy  re¬ 
covery.  used  to  produce  a  fuel,  or  con¬ 
tained  in  fuels:  or 

(iii)  Materials  accumulated  specula¬ 
tively;  or 

(iv)  Materials  listed  in  paragraph 
(d)(1)  of  this  section. 

<f)  Documentation  of  claims  that 
materials  are  not  so'id  wastes  or  a  re 
conditionally  exempt  from  regulation. 
Respondents  in  actions  to  enforce  reg¬ 
ulations  implementing  Subtitle  C  of 
RCRA  who  raise  a  claim  that  a  certain 
material  is  not  a  solid  waste,  or  is  con¬ 
ditionally  exempt  from  regulation, 
must  demonstrate  that  there  is  a 
known  market  or  disposition  for  the 
material,  and  that  they  meet  the 
terms  of  the  exclusion  or  exemption 
In  doing  so.  they  must  provide  appro¬ 
priate  documentation  (such  as  con¬ 
tracts  showing  that  a  second  person 
uses  the  material  as  an  ingredient  in  a 
production  process)  to  demonstrate 
that  the  material  is  not  a  waste,  or  Is 
exempt  from  regulation.  In  addition, 
owners  or  operators  of  facilities  claim¬ 
ing  that  they  actually  are  recycling 
materials  must  show  that  they  have 
the  necessary  equipment  to  do  so. 

'50  F"R  664.  Jan  4.  19851 

Errscrivt  Dsrr  N^tr  \r.  50  FR  664  Jan 
4.  1985  1  261.2  was  revised,  effective  July  5. 
1985  --xcepi  fur  paragraph  ;e-  which  was  el- 
'-cc.e  December  20.  1384>.  For  'he  rofV,»n- 
•■nr‘*  >f  ‘he  l.SHf.  *.h-  sup»rs*-ded  *--xt  .5  >e( 
*■!•  o*-  ow 
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t  26 1.2  Definition  of  *ohd  -aete. 

ai  A  iolid  waste  u  any  garbage,  refuse 
sludge  on  any  other  waste  material  which  is 
not  excluded  under  j  261  4ia). 

b<  An  (  other  waste  material"  is  any  solid, 
liquid,  sefni-solid  or  contained  gaseous  mate 
rial,  resulting  from  industrial,  commercial, 
mining  dr  agricultural  operations,  or  from 
community  activities  which 

ii  Is  discarded  or  is  being  accumulated, 
stored  of  physically,  chemically  or  biologi¬ 
cally  treated  prior  to  being  discarded:  or 
(2)  Has  served  Its  original  intended  use 
and  sometimes  is  discarded:  or 
■31  Is  ai  manufacturing  or  mining  by-prod¬ 
uct  and  somettmes  is  discarded. 

(ci  A  qiaterial  is  "discarded"  if  it  is  aban¬ 
doned  (and  not  used,  re-used,  reclaimed  or 
recycled)  by  being 
( ii  Disposed  of;  or 

i2l  Burned  or  incinerated,  except  where 
the  material  is  being  burned  as  a  fuel  for 
the  purpose  of  recovering  usable  energy,  or 
<31  Physically,  chemically,  or  biologically 
treated  (other  than  burned  or  incinerated) 
tn  lieu  of  or  prior  to  being  disposed  of. 

(d)  A  material  is  disposed  of  if  It  Is  dis¬ 
charged!  deposited.  injected.  dumped, 
spilled,  ljeaked  or  placed  into  or  on  any  land 
or  water  so  that  such  material  or  any  con¬ 
stituent  (thereof  may  enter  the  environment 
or  be  emitted  into  the  air  or  discharged  into 
ground  Or  surface  waters. 

<e>  A  i'manufacturtng  or  mining  by-prod¬ 
uct"  is  ai  material  that  is  not  one  of  the  pri¬ 
mary  products  of  a  particular  manufactur¬ 
ing  or  mining  operation.  Is  a  secondary  and 
Incidental  product  of  the  particular  oper¬ 
ation  arid  would  not  be  solely  and  separate¬ 
ly  manufactured  or  mined  by  the  particular 
manufacturing  or  mining  operation.  The 
term  does  not  Include  an  intermediate  man¬ 
ufacturing  or  mining  product  which  results 
from  one  of  the  steps  m  a  manufacturing  or 
mining  (process  and  is  typically  processed 
through  the  next  step  of  the  process  within 
a  short  time. 

I  261.3  i  Definition  of  hssardoua  waste. 

(a)  A  solid  waste,  as  defined  in 
5  281.2!  is  a  hazardous  waste  if: 

(1)  It  is  not  excluded  from  regula¬ 
tion  as  a  hazardous  waste  under 
5  261.  ii  b):  and 

< 2)  It  meets  any  of  the  following  cri¬ 
teria: 

(I)  It-  exhibits  any  of  the  characteris¬ 
tics  of!  hazardous  waste  identified  in 


3uuoaft  C. 

■in  It  is  listed  in  Subpart  D  and  has 
not  been  excluded  from  the  lists  :n 
Siifcpart  D  under  j)  260  20  and  260  22 
of  thisl  chapter. 
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nil)  It  a  mixture  of  a  solid  waste 
a  hazardous  waste  that  is  listed  in 
Subpart  D  solely  because  it  exhibits 
one  or  more  of  the  characteristics  of 
hazardous  waste  identified  in  Subpart 
C  unless  the  resultant  mixture  no 
longer  exhibits  any  characteristic  of 
hazardous  waste  Identified  in  Subpart 

Q 

(iv>  It  is  a  mixture  of  solid  waste  and 
one  or  more  hazardous  wastes  listed  in 
Subpart  D  and  has  not  been  excluded 
from  this  paragraph  under  J  5  260.20 
and  260.22  of  this  chapter;  however, 
the  following  mixtures  of  solid  wastes 
and  hazardous  wastes  listed  in  Sub¬ 
part  D  are  not  hazardous  wastes 
.except  by.  application  of  paragraph 
i»)<2>  (1)  or  (ii)  of  this  section)  if  the 
generator  can  demonstrate  that  the 
mixture  consists  of  wastewater  the  dis¬ 
charge  of  which  is  subject  to  regula¬ 
tion  under  either  Section  402  or  Sec- 
ticn  307(b)  of  the  Clean  Water  Act  (In¬ 
cluding  wastewater  at  facilities  which 
have  eliminated  the  discharge  of 
wastewater)  and; 

iA)  One  or  more  of  the  following 
spent  solvents  listed  in  5  261. 31- 
carbon  tetrachloride,  tetrachloroethy- 
lene.  trichoroethvlene— provided  that 
the  maximum  total  weekly  usage  of 
these  solvents  (other  than  the 
•  mounts  that  can  be  demonstrated  not 
to  be  discharged  to  wastewater)  divid-. 
ed  by  the  average  weekly  flow  of 
wastewater  into  the  headworks  of  the 
facility's  wastewater  treatment  or  pre¬ 
treatment  system  does  not  exceed  ,1 
part  per  million;  or 

<B)  One  or  more  of  the  following 
spent  solvents  listed  in  5  261.31— meth¬ 
ylene  chloride.  1.1.1-trichloroethane. 
chlorobenzene,  o-dichlorobenzene.  cre- 
sols.  cresylic  acid,  nitrobenzene,  tolu¬ 
ene.  methyl  ethyl  ketone,  carbon  di¬ 
sulfide.  isobutanol,  pyridine,  spent 
chlorofluorocarbon  solvents— provided 
:hat  the  maximum  total  weekly  usage 
of  these  solvents  (other  than  the 
amounts  that  can  be  demonstrated  not 
to  be  discharged  to  wastewater)  divid¬ 
ed  by  the  average  weekly  flow  of 
wastewater  into  the  headworks  of  the 
.•acuity  s  wastewater  treatment  or  pre- 
'reatment  system  does  not  exceed  25 
parts  per  million:  or 

'Ci  One  of  the  following  wastes 
listed  in  §  261.32  — heat  exchanger 
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bundle  cleaning  sludge  from  the  petro¬ 
leum  refining  industry  (EPA  Hazard¬ 
ous  Waste  No.  K050);  or 

(D)  A  discarded  commercial  chemi¬ 
cal  product,  or  chemical  intermediate 
listed  in  5  261.33.  arising  from  de  mini¬ 
mi  a  losses  of  these  materials  from 
manufacturing  operations  in  which 
these  materials  are  used  as  raw  mate¬ 
rials  or  are  produced  in  the  manufac¬ 
turing  process.  For  purposes  of  this 
subparagraph,  "cfe  minimis"  losses  in¬ 
clude  those  from  normal  material  han¬ 
dling  operations  (e.g.  spills  from  the 
unloading  or  transfer  of  materials 
from  bins  or  other  containers,  leaks 
from  pipes,  valves  or  other  devices 
used  to  transfer  materials);  minor 
leaks  of  process  equipment,  storage 
tanks  or  containers;  leaks  from  well- 
maintained  pump  packings  and  seals; 
sample  purgings:  relief  device  dis¬ 
charges:  discharges  from  safety  show¬ 
ers  arid  rinsing  and  cleaning  of  person¬ 
al  safety  equipment:  and  rinsate  from 
empty  containers  or  from  containers 
that  are  rendered  empty  by  that  rins¬ 
ing:  or 

(E)  Wastewater  resulting  from  labo¬ 
ratory  operations  containing  toxic  (T) 
wastes  listed  in  Subpart  D.  provided 
that  the  annualized  average  flow  of 
laboratory  wastewater  does  not  exceed 
one  percent  of  total  wastewater  flow 
into  the  headworks  of  the  facility's 
wastewater  treatment  or  pre-treat¬ 
ment  system,  or  provided  the  wastes, 
combined  annualized  average  concen¬ 
tration  does  not  exceed  one  part  per 
million  in  the  headworks  of  the. facili¬ 
ty's  wastewater  treatment  or  pre-treat¬ 
ment  facility.  Toxic  (T)  wastes  used  in 
laboratories  that  are  demonstrated 
not  to  be  discharged  to  wastewater  are 
not  to  be  included  in  this  calculation. 

<b)  A  solid  waste  which  is  not  ex¬ 
cluded  from  regulation  under  para¬ 
graph  (a)(1)  of  this  section  becomes  a 
hazardous  waste  when  any  of  the  fol¬ 
lowing  events  occur: 

(1)  In  the  case  of  a  waste  listed  in 
Subpart  D.  when  the  waste  first  meets 
the  listing  descr.ption  set  forth  in 
Subpart  D. 

>2)  In  the  case  of  a  mixture  of  solid 
waste  and  one  or  more  listed  hazard¬ 
ous  wastes,  when  a  hazardous  waste 
listed  in  Subpart  D  is  first  added  to 
the  solid  waste. 


!f  i  ! 
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(3)  In  the  case  of  any  other  waste 
(including  a  waste  mixture),  when  the 
waste  exhibits  any  of  'he  characteris¬ 
tics  identified  in  Subpart  C. 

(c)  Unless  and  until  it  meet  the  cri¬ 
teria  of  paragraph  (d): 

(DA  hazardous  waste  will  remain  a 
hazardous  waste. 

<2Xi)  Except  as  otherwise  provided 
in  paragraph  (c)(2Xii)  of  this  section, 
any  solid  waste  generated  from  the 
treatment,  storage,  or  disposal  of  a 
hazardous  waste,  including  any  sludge, 
spill  residue,  ash,  emission  control 
dust,  or  leachate  (but  not  including 
precipitation  run-off)  is  a  hazardous 
waste.  (However,  materials  that  are  re¬ 
claimed  from  solid  wastes  and  that  are 
used  beneficially  are  not  solid  wastes 
and  hence  are  not  hazardous  wastes 
under  this  provision  unless  the  re¬ 
claimed  material  is  burned  for  energy 
recovery  or  used  in  a  manner  consti¬ 
tuting  disposal.) 

<tl>  The  following  solid  wastes  are 
not  hazardous  even  though  they  are 
generated  from  the  treatment,  stor¬ 
age.  or  disposal  of  a  hazardous  waste, 
unless  they  exhibit  one  or  more  of  the 
characteristics  of  hazardous  waste:  (A) 
Waste  pickle  liquor  sludge  generated 
by  lime  stabilization  of  spent  pickle 
liquor  from  the  iron  and  steel  Industry 
(SIC  Codes  331  and  332). 

(d)  Any  solid  waste  described  in 
paragraph  (c)  of  this  section  is  not  a 
hazardous  waste  if  it  meets  the  follow¬ 
ing  criteria: 

( 1)  In  tne  case  of  any  solid  waste,  it 
does  not  exhibit  any  of  the  character¬ 
istics  of  hazardous  waste  identified  in 
Subpart  C. 

(2)  In  the  case  of  a  waste  which  Is  a 
listed  waste  under  Subpart  D.  contains 
a  waste  listed  under  Subpart  D  or  is 
derived  from  a  waste  listed  in  Subpart 
D.  it  also  has  been  excluded  from 
paragraph  (c)  under  55  260,20  and 
260,22  of  this  chapter. 

[45  FR  33119,  May  19,  1980,  as  amended  at 
48  FR  56588,  Nov.  11,  1981.  50  FR  14219. 
Apr  11,  19851 

Errtcrivi:  P  te  Note.  At  50  FR  664.  Jan. 
4.  1985.  and  corrected  at  50  FR  14219.  Apr 
11.  1985  i  261  3(012)  was  revised,  effective 
r  ■  i  I  ••  3  1985  For  ■  ho  —nr.  ■-ru.-r-.rr  ,if  -he 

J.rr  -he  superseded  -ext  ::j  .el  out  DeloW 
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9  261.3  Definition  of  hazardous  waste. 


(2X1)  Except  as  otherwise  provided  in 
patarraph  <c)(2Xli)  of  this  section,  any  solid 
waste  generated  from  the  treatment,  stor¬ 
age.  or  disposal  of  a  hazardous  waste,  in¬ 
cluding  any  sludge,  spill  residue,  ash,  emis¬ 
sion  control  dust  or  leachate  (but  not  in¬ 
cluding  precipitation  run-off)  is  a  hazardous 
waste. 

II)  The  following  solid  wastes  are  not  haz¬ 
ardous  even  though  they  are  generated 
from  the  treatment,  storage,  or  disposal  of  a 
hazardous  waste,  unless  they  exhibit  one  or 
more  of  the  characteristics  of  hazardous 
waste:  (A)  Waste  pickle  liquor  sludge  gener¬ 
ated  by  lime  stabilization  of  spent  pickle 
liquor  from  the  iron  and  steel  industry  (SIC 
codes  331  and  332). 


9  261.4  Exclusions. 

(a)  Materials  which  are  not  solid 
wastes.  The  following  materials  are 
not  solid  wastes  for  the  purpose  of  this 
part: 

( IXi)  Domestic  sewage:  and 

(11)  Any  mixture  of  domestic  sewage 
and  other  wastes  that  passes  through 
a  sewer  system  to  a  publicly-owned 
treatment  works  for  treatment.  "Do¬ 
mestic  sewage”  means  untreated  sani¬ 
tary  wastes  that  pass  through  a  sewer 
system, 

(2)  Industrial  wastewater  discharges 
that  are  point  source  discharges  sub¬ 
ject  to  regulation  under  Section  402  of 
the  Clean  Water  Act.  as  amended. 

(Comment  This  exclusion  applies  only  to 
the  actual  point  source  discharge.  It  does 
not  exclude  industrial  wastewaters  while 
they  are  being  collected,  stored  or  treated 
before  discharge,  nor  doe-,  it  exclude  sludges 
that  are  generated  by  industrial  wastewater 
treatment. ! 

(3)  Irrigation  return  flows. 

(4)  Source,  special  nuclear  or  by¬ 
product  material  as  defined  by  the 
Atomic  Energy  Act  of  1954.  as  amend¬ 
ed.  42  U.S.C.  2ull  et  seq. 

<5)  Materials  subjected  to  in-situ 
mining  techniques  which  are  pot  re¬ 
moved  from  the  ground  as  part  of  the 
extraction  process. 

■6)  Pulping  liquors  <  i.e..  black  liquor' 
"hat  are  reclaimed  in  .a  pulping  !iqunr 


• . 
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recovery  furnace  and  then  reused  In 
the  pulping  process,  un'rss  It  U  accu¬ 
mulated  speculatively  as  defined  In 
I  261.110  of  this  chapter. 

(?)  Spent  sulfuric  add  used  to 
produce  virgin  sulfuric  acid,  unless  It 
la  accumulated  speculatively  as  de¬ 
fined  In  i  261.110  of  this  chapter. 

<b>  Solid  wastes  which  art  not  hat- 
ardows  wastes.  The  following  solid 
wastes  are  not  hazardous  wastes: 

(D  Household  waste.  Including 
household  waste  that  has  been  collect- 
td.  transported,  stored,  treated,  dis¬ 
posed.  recovered  (e.p..  refuse-derived 
fuel),  or  reused.  "Household  waste" 
means  any  waste  material  (Including 
garbage,  trash  and  sanitary  wastes  in 
septic  tanks)  derived  from  households 
i  including  single  and  multiple  resi¬ 
dences.  hotels  and  motels,  bunk- 
houses.  ranger  stations,  crew  quarters, 
campgrounds,  picnic  grounds,  and  day- 
use  recreation  areas). 

(2)  Solid  wastes  generated  by  any  of 
the  following  and  which  are  returned 
to  the  soils  as  fertilizers: 

(1)  The  growing  and  harvesting  of 
agricultural  crops. 

ill)  The  raising  of  animals.  Including 
animal  manures. 

<  3)  Mining  overburden  returned  to 
the  mine  site. 

1 4 )  fly  ash  waste,  bottom  ash  waste, 
slag  waste,  and  flue  gas  emission  con¬ 
trol  waste  generated  primarily  from 
the  combustion  of  coal  or  other  fossil 
fuels. 

-5>  Drilling  fluids,  produced  waters, 
ana  other  wastes  associated  with  the 
exploration,  development,  or  produc 
tion  of  crude  oil.  natural  gas  or  geo¬ 
thermal  energy 

Wastes  which  fail  .he  test  for 
the  characteristic  of  EP  toxicity  be¬ 
cause  chromium  is  present  or  are 
listed  in  Subpart  D  due  to  the  pres¬ 
ence  of  chromium,  which  do  not  fail 
the  test  for  the  characteristic  of  EP 
toxir-.ty  for  any  other  constituent  or 
art  not  listed  due  to  the  presence  of 
arv.  other  constituent,  and  which  do 
~  ■'  fail  the  text  for  anv  other  charac- 
•ertsttr.  if  u  is  shown  by  a  waste  gener 
or  O',  waste  generators  that 
A  The  chromium  tn  the  waste  is 
• .sanely  or  nearly  exclusively  >  tn- 
■a.-n:  chromium,  and 
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(B>  The  waste  Is  generated  from  am 
Industrial  process  which  uses  trivalent 
chromium  exlcuslvely  (or  nearly  exclu¬ 
sively  )  and  the  process  does  not  gener¬ 
ate  hexavalent  chromium:  and 

(C)  The  waste  Is  typically  and  fre¬ 
quently  managed  In  non-oxidizing  en¬ 
vironments. 

(11)  Specific  wastes  which  meet  the 
standard  tn  paragraphs  (bxgxiXA). 
(B)  and  (C)  (so  long  as  they  do  not  fail 
the  test  for  the  charactristic  of  EP 
toxicity,  and  do  not  fail  the  test  for 
any  other  characteristic)  are: 

(A)  Chrome  (blue)  trimmings  gener¬ 
ated  by  the  following  subcategories  of 
the  leather  tanning  and  finishing  in¬ 
dustry.  hair  pulp/chrome  tan /re tan, 
wet  finish:  hair  save/chrome  tan, 
retan/wet  finish;  retan/wet  finish:  no 
beamhouse.  through-the-blue:  and 
shearling. 

<B>  Chrome  (blue)  shavings  generat¬ 
ed  by  the  following  subcategorles  of 
the  leather  tanning  and  finishing  in¬ 
dustry:  hair  pulp/chrome  tan/ re  tan/ 
wet  finish:  hair  save/chrome  tan/ 
relan/wet  finish:  retan/wet  finish:  no 
beamhouse:  throuth-the-blue:  and 
shearling. 

(C)  Buffing  dust  generated  by  the 
following  subcategories  of  the  leather 
tanning  and  finishing  industry-  hair 
pulp,  chrome  tan/ relan/wet  finish 
hair  save,  chrome  tan  retan  wet 
finish:  retan/wet  finish;  no  beam- 
house:  through-the-blue. 

(D>  Sewer  screenings  generated  by 
the  following  subcategories  of  the 
leather  tanning  and  finishing  indus¬ 
try  hair  pulp/crome  tan  retan  wet 
finish;  hair  save  chrome  tan  retan 
wet  finish,  retan  wet  finish,  no  beam 
house:  through-the-blue.  and  shear 
ling 

■E)  Wastewater  treatment  sludges 
generated  by  the  following  subralegor 
les  of  the  leather  tanning  and  finish¬ 
ing  industry  hair  pulp  chrome  tan 
retan  wet  finish,  hair  sate  chrome 
tan  retan  wet  finish.  retan  wet 
finish,  no  beamhouse.  through  the 
blue,  and  shearling 

F'  Wastewater  'rea'ment  sludes 
generated  b\  the  following  subcatrgor 
;es  of  the  leather  tanning  and  finish 
ing  industry  hair  pulp  chrome  tan 
retan  wet  finish,  hair  save  chrome 
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tan/retan/ wet  finish:  and  through- 
the-blue. 

<G>  Watte  scrap  leather  from  the 
leather  tanning  industry,  the  shoe 
manufacturing  industry,  and  other 
leather  product  manufacturing  indus¬ 
tries. 

■  H)  Wastewater  treatment  sludges 
from  the  production  of  TIO.  pigment 
using  chromium- bearing  ores  by  the 
chloride  process. 

‘Ti  Solid  waste  from  the  extraction, 
beneficiation  and  processing  of  ores 
and  minerals  (including  coal),  includ¬ 
ing  phosphate  rock  and  overburden 
from  the  mining  of  uranium  ore. 

<81  Cement  kiln  dust  waste. 

'9)  Solid  waste  which  consists  of  dis¬ 
carded  wood  or  wood  products  which 
fails  the  test  for  the  characteristic  of 
EP  toxicity  and  which  is  not  a  hazard¬ 
ous  waste  for  any  other  reason  if  the 
waste  is  generated  by  persons  who  uti¬ 
lize  the  arsenical- treated  wood  and 
wood  products  for  these  materials'  in¬ 
tended  end  use. 

i ci  Hazardous  wastes  which  are  ex¬ 
empted  from  certain  regulations.  A 
hazardous  waste  which  Is  generated  in 
a  product  or  raw  material  storage 
tank,  a  product  or  raw  material  trans¬ 
port  vehicle  or  vessel,  a  product  or  raw 
material  pipeline,  or  In  a  manufactur¬ 
ing  process  unit  or  an  associated  non- 
waste-treatment-manufacturtng  unit, 
is  not  subject  to  regulation  under 
Parts  282  through  28S.  270.  271  and 
124  of  this  chapter  or  to  the  notifica¬ 
tion  requirements  of  Section  3010  of 
RCRA  until  it  exits  the  unit  in  which 
it  was  generated,  unless  the  unit  Is  a 
surface  impoundment,  or  unless  the 
hazardous  waste  remains  in  the  unit 
more  than  90  days  after  the  unit 
ceases  to  be  operated  for  manufactur¬ 
ing.  or  for  storage  or  transportation  of 
product  or  raw  materials. 

d>  Samples.  (1)  Except  ss  orovtded 
in  paragraph  <  d ><  2)  of  this  section,  s 
sample  of  solid  waste  or  a  sample  of 
water,  soil,  or  sir.  which  is  collected 
for  the  sole  purpose  of  testing  to  de¬ 
termine  its  characteristics  or  composi- 
'ion.  is  not  subject  to  any  require¬ 
ments  of  this  part  or  Parts  2S2 
through  287  or  Part  270  or  Part  124  of 
this  chapter  or  to  the  notification  re¬ 
quirements  of  Section  3010  of  RCRA, 
when: 


(1)  The  sample  Is  being  transported 
to  a  laboratory  for  the  purpose  of  test¬ 
ing".  or 

ul)  The  sample  Is  being  transported 
back  to  the  sample  collector  after  test- 
tng:  or 

all)  The  sample  is  being  stored  by 
the  sample  collector  before  transport 
to  s  laboratory  for  testing:  or 
(ivi  The  sample  is  being  stored  in  a 
laboratory  before  testing:  or 
(v>  The  sample  Is  being  stored  in  a 
laboratory  after  testing  but  before  it  Is 
returned  to  the  sample  collector,  or 
ivt)  The  sample  Is  .being  stored  tem¬ 
porarily  in  the  laboratory  after  testing 
for  a  specific  purpose  (for  example, 
until  conclusion  of  a  court  case  or  en¬ 
forcement  action  where  further  test¬ 
ing  of  the  sample  may  be  necessary  >. 

(2)  In  order  to  qualify  for  the  ex¬ 
emption  ui  paragraphs  (dxl>  m  and 
(II)  of  this  section:  a  sample  collector 
shipping  samples  to  a  laboratory  and  a 
laboratory  returning  samples  to  a 
sample  collector  must. 

(1)  Comply  with  O  S.  Department  of 
Transportation  (DOT).  US.  Postal 
Service  i  USPS).  or  any  other  applica¬ 
ble  shipping  requirements:  or 
<il>  Compiy  with  the  following  re¬ 
quirements  if  the  sample  collector  de¬ 
termine*  that  DOT.  USPS,  or  other 
shipping  requirements  do  not  apply  to 
the  shipment  of  the  sample: 

(A)  Assure  that  the  following  infor¬ 
mation  accompanies  the  sample: 

( 1 )  The  sample  collector's  name, 
mailing  address.  and  telephone 
number, 

<  21  The  laboratory's  name,  mailing 
address,  and  telephone  number 
i  J)  The  quantity  of  the  sample: 

(4)  The  dare  of  shipment:  and 
1 5 1  A  description  of  the  sample. 

8)  Package  the  sample  so  that  it 
does  not  leak,  spill,  or  vaporize  from 
its  packaging. 

1 3)  This  exemption  does  not  apply  if 
the  laboratory  determines  that  the 
waste  is  hazardous  but  the  laboratory 
Is  no  longer  meeting  any  of  the  condi¬ 
tions  stated  in  paragraph  'dxti  of  tnis 
section 

1 43  FR  33119  May  19.  19*0  is  amendrd  it 
43  VR  12037.  Oct  30,  1940  43  FR  7S420 
Nov  !9  1 940.  S3  FR  74331.  Nov  33.  1940  13 
FR  90247  D-o  9,  1940  44  FR  27474  May 
20.  1941  44  FR  4742*  Sept  33  '.9'  .  44  FR 
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4-93.  Apr  1.  1983:  48  FR  30U5.  June  30. 
*83  49  FR  44980,  Nov  13.  1984  50  FR  883. 
],n  4.  1985.  SO  FR  14219.  Apr  II.  19851 
%rrt c-rivt  D»rx  Non  Al  50  FR  883.  Jan 
4  i«85.  u  corrected  *1  50  FR  14219.  Apr  11. 
1*85  I  261  4< ft j  <8>  end  .7)  were  added.  et- 
(K,i<e  July  5.  1988. 

* -61.5  Special  requirements  for  hmrard- 
imip  *M«  generated  by  email  quantity 
generator*. 

it)  A  generator  18  8  small  quantity 
l*nerator  in  a  calendar  month  if  he 
generates  less  than  1000  kilograms  of 
Hazardous  waste  in  that  month. 

ibi  Except  for  those  wastes  identi¬ 
fied  in  paragraphs  (e>  and  <f)  of  this 
xenon,  s  small  quantity  generator's 
Hazardous  wastes  are  not  subject  to 
regulation  under  Pans  282  through 
;65  and  Pans  270  and  124  of  thia 
cHapter.  and  the  notification  -equire- 
(rents  of  Section  3010  of  RCRA.  pro- 
uded  the  generator  complies  with  the 
requirements  of  paragraph  <  c  >  of  this 
lection. 

id  Hazardous  waste  that  is  recycled 
and  that  is  excluded  from  regulation 
under  II  281.8  iax2xiii)  and  iv>.  i  ax  3). 
or  288.38  is  not  Included  in  the  quanti¬ 
ty  determinations  of  this  section  and 
is  not  subject  to  any  requirements  of 
this  section  Hazardous  wsste  thml  is 
subject  to  the  requirements  of  1261.8 
b>  and  <  e  >  and  Subpans  C.  D.  and  F 
o(  Part  268  is  included  in  the  quantity 
determination  of  this  section  and  is 
subject  to  the  requirements  of  this 
section 

d>  In  determining  the  quantity  of 
hazardous  waste  he  tenerates.  a  gener¬ 
al  or  need  not  include 

1  His  hazardous  waste  when  it  is 
removed  from  on-site  storage,  or  , 

2)  Hazardous  waste  produced  by  on- 
*;'e  treatment  of  his  hazardous  waste 
e1  If  a  small  quantity  generator 
generates  acutely  hazardous  waste  in  s 
■i.endar  month  m  quantities  greater 
—an  set  forth  below  all  quantities  of 
•Hat  acutely  hazardous  waste  are  sub 
to  regulation  under  Parts  262 
through  263  and  Parts  270  and  :24  of 
’.“.apter  ir.d  ‘.he  notification  re- 
-  -rements  of  Section  3010  of  RCRA 
'■  A  'otal  of  one  mlogram  of  acute 
'  .var  ious  wastes  listed  in  H  261  31 
-12  or  261  33< e * 

A  -otal  of  100  kilograms  of  any 
..tn-  or  <-or.tamir.ated  soil,  waste  or 
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other  debris  resulting  from  the  clean¬ 
up  of  a  spill,  into  or  on  any  land  or 
water,  of  any  acute  hazardous  wastes 
listed  in  if  261.31.  261.32.  or  261  730) 
<f>  A  small  quantity  generator  may 
accumulate  hazardous  waste  on-site.  If 
he  accumulates  at  any  time  more  than 
a  total  of  1000  kilograms  of  his  haz¬ 
ardous  waste,  or  hts  acutely  hazardous 
wastes  in  quantities  greater  than  set 
forth  in  paragraph  oxl>  or  (e)(2)  of 
thia  section,  ail  of  those  accumulated 
wastes  for  which  the  accumulation 
limit  was  exceeded  are  subject  to  regu¬ 
lation  under  Parts  262  through  265 
and  Parts  270  and  124  of  thia  chapter, 
and  the  notification  requirements  of 
Section  3010  of  RCRA.  ,  The  lime 
period  of  I  282.34  for  accumulation  of 
wastes  on-site  begins  for  a  small  ouan- 
illy  generator  when  the  accumulated, 
wastes  exceed  the  applicable  exclusion 
level. 

(g)  In  order  for  hazardous  wsste  gen 
erated  by  a  small  quantity  generator 
to  be  excluded  from  full  regulation 
under  this  section,  the  generator  must: 

(1)  Comply  with  1  282.11  of  this 
chapter: 

(2)  If  he  store*  his  hazardous  waste 
on-stte.  store  it  In  compliance  with  the 
requirements  of  paragraph  <f)  of  this 
section:  and 

'3>  Either  treat  or  dispose  of  his  hax 
ardous  waste  in  an  on -site  facility  or 
ensure  delivery  to  an  offsite  storage, 
treatment  or  disposal  facility,  either  o( 
which  is 

(I)  Permuted  under  Part  270  of  this 
chapter: 

mi  In  interim  status  under  Parts  270 
and  265  of  this  chapter. 

•  ill)  Authorized  to  manage  hazard 
ous  waste  by  a  State  with  a  hazardous 
waste  management  program  approved 
under  Part  271  of  this  chapter 

iv  Permitted  licensed  or  rrgist*rrd 
by  a  Slate  to  manage  munmpaj  or  in 
dustnaj  solid  waste  or 
■v  1  A  facility  which 
A  B»r.rflciaily  uses  or  re  -uses  or  le 
gitimately  recvrlev  or  re-naims  his 
w  aste  or 

8  Treats  his  waste  prior  to  benefi 
rial  use  or  reuse  or  legitimate  r rev  ■ 
cling  or  reclamation 

h  Hazardous  waste  subiec:  to  the 
reduced  requirements  of  this  1  .ectior. 
ma\  be  mixed  with  nor.  hazardous 
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waste  and  remain  subject  to  these  re¬ 
duced  requirement;  even  though  the 
resultant  mixture  exceeds  the  quanti¬ 
ty  limitations  identified  in  this  section, 
unless  the  mixture  meets  any  of  the 
characteristics  of  hazardous  wastes 
identified  in  Subpart  C. 

(I)  If  a  small  quantity  generator 
mixes  a  solid  waste  with  a  hazardous 
waste  that  exceeds  a  quantity  exclu¬ 
sion  level  of  this  section,  the  mixture 
Is  subject  to  full  regulation. 

[49  PR  78933.  Nov.  If.  1M0.  as  amended  at 
44  PR  34997.  July  2.  INI.  4S  PR  14»4.  Apr 
1.  1943:  JO  PR  995.  Jan.  4.  1999;  30  PR  1999. 
Jan  14.  1999.  JO  PR  14319.  Apr  11.  19991 
trnri  m  Oats  Nora:  At  34  PR  S99.  Jan. 
4.  1999.  as  corrected  at  JO  PR  14319.  Apr.  11. 
1999.  |  391.9<el  ess  revised,  effective  July  9. 
1999.  At  JO  PR  1999.  Jan.  14.  1999.  I  2Sl.Vel 
it)  and  1 3)  were  revised,  effective  July  13. 
1999.  For  the  convenience  of  the  user,  the 
superseded  test  U  set  out  below: 


‘Ci  Haxardoua  waste  that  is  beneficially 
used  or  re  used  or  lermmalely  recycled  or 
reclaimed  and  that  is  excluded  from  reguts- 
tton  by  |241.9<aj  is  not  included  In  the 
quantity  determinations  of  this  section,  and 
is  not'  tubiect  to  any  requirements  of  this 
lection  Hazardous  waste  that  Is  iub)ect  :o 
the  ipectai  requirements  of  |  291  Si  bi  is  In¬ 
cluded  in  the  quantity  determinations  of 
this  tection  end  is  tubiect  to  the  require¬ 
ments  of  this  lection 


■  1 1  A  total  of  one  kilogram  of  commercial 
chemical  products  and  manufacturers 
chemical  intermediates  havtns  ihe  generic 
name*  luted  in  I  26 1  33ie>  »nd  off  ipeclftca- 
'ion  commercial  chemical  products  »nd 
manuficiurtns  chemical  Intermediate* 
which,  if  they  met  to*  ciflcatlons.  would 
have  the  generic  name*  lined  in  I  291  33<ei 
3i  A  total  of  100  kilograms  of  any  rendue 
or  contaminated  ioil.  water  or  other  debn* 
resulting  from  the  clean-up  of  a  spill.  into  of 
on  *ny  and  or  water  of  *ny  commercial 
chemical  product*  or  manufactunns  menu- 
-»l  intermediate*  hating  'he  generic  n»me* 
luted  m  |  291  33ie'  or  *ny  re*idue  or  --on 
•amtnated  toil,  water  or  other  debri*  result 
in«  from  'he  cleanup  of  a  spill.  into  or  on 
wny  land  or  water,  of  any  off  ipectlftcatlon 
■ommerrial  chemical  produ  .,  or  manufac 
'urin*  chemical  intermediate*  which,  if 
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they  met  specifications,  would  have  the  ge¬ 
neric  names  listed  in  I  291.33tet. 


f  291.9  Requirement*  for  recyclable  mate¬ 
rials. 

'  (9X1)  Hazardous  wastes  that  are  re¬ 
cycled  are  subject  to  the  requirements 
for  generators,  transporters,  and  stor¬ 
age  facilities  of  paragraphs  (b)  and  lei 
of  this  section,  except  for  the  materi¬ 
als  listed  in  paragraphs  (ax 2)  and 
<ax3)  of  this  section.  Hazardous 
wastes  that  are  recycled  will  be  known 
as  "recyclable  materials." 

<21  The  following  recyclable  materi¬ 
als  are  rot  subject  to  the  requirements 
of  this  section  but  are  regulated  under 
Subparts  C  through  G  of  Part  2M  of 
this  chapter  and  ail  applicable  provi¬ 
sions  in  Parts  270  and  124  of  thu  chap¬ 
ter 

(l>  Recyclable  materials  used  in  s 
manner  conatltutinr  disposal  (Subpart 

C>; 

ill)  Hazardous  wastes  burned  for 
energy  recovery  in  boilers  and  indus¬ 
trial  furnaces  that  are  not  regulated 
under  Subpart  O  of  Part  2*4  or  289  of 
this  chapter  (Subpart  D>: 

till)  [Reserved  for  used  oil): 

<!v)  Recyclable  materials  from  which 
precious  metals  are  reclaimed  i  Sub- 
part  P); 

<v>  Spent  lesd-scid  batteries  that  are 
beln*  reclaimed  'Subpsrt  G). 

<3>  The  following  recyclable  mated 
sis  are  not  subject  to  regulation  under 
Parts  282  through  288  or  Parts  270  or 
124  of  this  chapter,  and  are  not  sub¬ 
ject  to  the  notification  requirements 
of  Section  3010  of  RCRA: 

ti»  Industrial  ethyl  alcohol  that  is  re¬ 
claimed: 

'll)  Used  batteries  ior  used  battery 
cells)  returned  to  a  battery  manufac¬ 
turer  for  regeneration: 

<HI)  Used  oil  that  exhibits  one  or 
more  of  the  charactenstics  of  hazard¬ 
ous  waste,  or 

i  tv  i  Scrap  mefal. 

'bi  Generator*  and  transporter*  of 
recyclable  materials  are  subject  to  the 
applicable  requirements  of  Parts  282 
and  283  of  this  chapter  and  the  notifi 
cation  requirements  under  Section 
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,1l0  0f  RCRA.  except  is  provided  in 
Lrx«r«ph  (a)  of  this  section. 

P*  *  ] )  owners  or  operator  of  facili- 
<  that  store  recyclable  materials  are 
‘"Quisled  under  all  applicaole  provl- 
0f  subparts  A  through  L  of  Parts 
and  265  and  Parts  270  and  124  of 

*  chapter  and  the  notification  re- 
IV.', cement  under  Section  3010  of 
nCRA  except  as  provided  in  para¬ 
ph  la)  of thia  section. 

•  .f,  Owners  or  operators  of  facilities 
that  recycle  recyclable  materials  with- 
Li  storing  them  before  they  are  recy¬ 
cled  are  subject  to  the  following  ro- 
fl'uirements.  except  as  provided  in 
oaragraph  (a)  of  this  section: 

,p  Notification  requirements  under 
section  3010  of  RCRA: 
ui>  Sections  265.71  and  265.72  (deal- 
ng  with  the  use  of  the  manifest  and 
manifest  discrepancies:  of  this  chap¬ 
ter 

(SO  FR  MS.  -fan.  4.  19831 
Errtcrtvt  Dura  Norx:  At  SO  PR  MS.  Jan. 
i  1985.  1  281. S  waa  revised,  effective  July  S. 
I  aSS.  For  the  convenience  of  the  user,  the 
tuperseded  text  is  set  out  belovr. 


tint  Seeciai  reaairvmenu  foe  haxsrtww 
•  utr  •Hick  u  aaed.  rv-iwed.  recycled  oc  re¬ 
claimed. 

it>  Except  as  otherwise  provided  in  para- 
trsph  <  t>>  of  this  section,  a  hazardous  waste 
»nich  meet*  any  of  the  following  criteria  is 
nol  subject  to  regulation  under  Paits  282 
throuah  285  or  Parts  270  ,  271.  and  124  of 
iMs  Chapter  and  Is  not  subject  to  the  notifi¬ 
cation  requirements  of  Section  3010  of 
RCRA  until  such  time  aa  the  Administrator 
promulgates  regulations  to  the  contrary: 

1 1 )  It  is  being  beneficially  used  or  re-used 
or  legitimately  recycled  or  reclaimed. 

<2>  It  Is  betnt  accumulated,  stored  or 
physically,  chemically  or  biologically  treat¬ 
ed  prior  to  benenctal  use  or  re-use  or  legiti¬ 
mate  recycling  or  reclamation. 

'3>  It  J  one  of  the  following  materials 
being  used,  reused,  recycled  or  reclaimed  in 
the  specified  manner: 

'is  Spent  pickle  liquor  which  Is  reused  In 
wastewater  treatment  at  a  facility  holding  a 
National  Pollutant  Discharge  Elimination 
System  'NPDESi  permit,  or  which  is  being 
iccumulated.  stored,  or  physically,  chemi¬ 
cally  or  biologically  treated  before  such 
reuse. 

'bi  Except  for  those  wastes  listed  In  para¬ 
graph  iai<3>  of  this  section,  a  hazardous 
»as'e  that  is  a  sludge,  or  that  Is  listed  in 
1  261  31  or  1  281.32,  or  that  contains  one  or 
more  hazardous  wastes  listed  in  S  261.31  or 
1  261.32:  and  that  is  transported  or  stored 
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prior  to  being  used,  re-used,  recycled,  or  re¬ 
claimed  Is  subject  to  the  following  require¬ 
ments  with  respect  to  such  transpo ration  or 
storage: 

(1)  Notification  requirements  under  Sec¬ 
tion  3010  RCRA. 

12)  Part  282  of  this  chapter. 

(3)  Part  263  of  this  chapter. 

<41  Applicable  provisions  of  Subparts  A 
through  L  of  Part  264  of  this  chapter. 

(5)  Applicable  provisions  of  Subparts  A 
through  L  of  Part  265  of  this  chapter 

(6)  Parti  270  and  124  of  this  chapter,  with 
respect  to  storage  facilities. 

(45  FR  33119.  May  19.  1980.  as  amended  at 
46  FR  44973.  Sept.  8.  1981.  46  FR  2532.  Jan. 
20.  1983:  48  PR  14294.  Apr.  1.  1983] 

1 281.7  Residues  of  hazardous  waste  in 
empty  containers. 

(a)(1)  Any  hazardous  waste  remain¬ 
ing  In  either  (i)  an  empty  container  or 
<ii>  an  .  inner  liner  removed  from  an 
empty  container,  as  defined  in  para¬ 
graph  (b)  of  this  section,  is  not  subject 
to  regulation  under  Parts  261  through 
285,  or  Part  270  or  124  of  this  chapter 
or  to  the  notification  requirements  of 
Section  3010  of  RCRA. 

(2)  Any  hazardous  waste  in  either  (1) 
a  container  that  Is  not  empty  or  (ii)  an 
Inner  liner  removed  from  a  container 
that  is  not  empty,  as  defined  in  para¬ 
graph  (b)  of  this  section,  is  subject  to 
regulation  under  Pans  261  through 
265.  and  Parts  270  and  124  of  this 
chapter  and  to  the  notification  re¬ 
quirements  of  Section  3010  of  RCRA. 

(bKl)  A  container  or  an  inner  liner 
removed  from  a  container  that  has 
held  any  hazardous  waste,  except  a 
waste  that  Ls  a  compressed  gas  or  that 
is  identified  as  an  acute  hazardous 
waste  Itsted  in  H  261.31.  261.32.  or 
261.33(e)  of  this  chapter  is  empty  if: 

(i>  All  wastes  have  been  removed 
that  can  be  removed  using  the  prac¬ 
tices  commonly  employed  to  remove 
materials  from  that  type  of  container. 
e.g.,  pouring,  pumping,  and  aspirating, 
and 

(li)  No  more  than  2.5  centimeters 
(one  inch)  of  residue  remain  on  the 
bottom  of  the  container  or  inner  liner, 
or 

(Uix A)  No  more  than  3  percent  by 
weight  of  the  total  capacity  of  the 
container  remains  in  the  container  or 
inner  liner  if  the  container  is  less  than 
or  equal  to  110  gallons  in  size,  or 
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(B)  No  more  than  0.3  percent  by 
weight  of  the  total  capacity  of  the 
container  remains  in  the  container  or 
inner  liner  if  the  container  is  greater 
than  HO  gallons  in  size. 

(2)  A  container  that  has  held  a  haz¬ 
ardous  waste  that  is  a  compressed  gas 
is  empcy  when  the  pressure  In  the  con¬ 
tainer  approaches  atmospheric. 

(3)  A  container  or  an  inner  liner  re¬ 
moved  from  a  container  that  has  held 
an  acute  hazardous  waste  listed  in 
II  281.31.  281.32.  or  281.33(e)  is  empty 
If: 

(i)  The  container  or  inner  liner  has 
been  triple  rinsed  using  a  solvent  capa¬ 
ble  of  removing  the  commercial  chemi¬ 
cal  product  or  manufacturing  chemi¬ 
cal  intermediate: 

<U)  The  container  or  inner  liner  has 
been  cleaned  by  another  method  that 
has  been  shown  in  the  scientific  litera¬ 
ture.  or  by  tests  conducted  by  the  gen¬ 
erator.  to  achieve  equivalent  removal: 
or 

(ill)  In  the  case  of  a  container,  the 
inner  liner  that  prevented  contact  of 
the  commercial  chemical  product  or 
manufacturing  chemical  intermediate 
with  the  container,  has  been  removed. 

(4S  m  7S92S.  Nov  23.  1M0.  u  amended  at 
41  FR  38091.  Aue.  ia.  1982;  48  FR  14294. 
Apr  1.  1983  SO  FR  1999.  Jan.  14.  19831 

Erre'-rivr  D*tt  Norr  At  30  FR  1999.  Jan 

M  19*5  f  201  7<  b><  1  *  and  *  3 »  introductory 
‘■-used.  -Ifcrtni*  July  13  19*5 

For  'hr  '-on\ emenre  ot  ’.he  uwr  the  viper 
seded  fesf  is  -el  out  Oetow 

*  201.7  of  htiaHoM  •«(«  \n 

tOlMAlMrt 


bnu  a  container  or  an  inner  liner  re¬ 
moved  from  a  container  that  hu  held  any 
hazardoua  *aate.  txetpt  a  *aate  that  u  a 
compresaed  <u  or  ‘.hat  u  identified  in 
|  201  33<c>  of  thu  chapter,  u  empty  if 


3)  A  container  or  an  inner  iiner  removed 
from  a  container  *nat  haa  held  a  hazardous 
*aate  identified  in  )  201  J3»ci  of  this  chap 
ter  m  empty  if 
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Subport  I — Critoria  for  Identifying 
the  Choroctoristks  o#  Hazardous 
Wosto  ond  far  listing  Hazardous 
Wsifs 

I  281.10  Criteria  for  identifying  the  char- 
scteristict  of  hazardous  waste. 

(s)  The  Administrator  shall  identify 
snd  define  s  characteristic  of  hazard¬ 
ous  waste  in  Subpart  C  only  upon  de¬ 
termining  that: 

(1)A  solid  waste  that  exhibits  the 
characteristic  mar. 

(1)  Cause,  or  significantly  contribute 
to,  an  increase  in  mortality  or  an  in¬ 
crease  in  serious  Irreversible,  or  inca¬ 
pacitating  reversible,  illness:  or 

ill)  Pose  s  substantial  present  or  po¬ 
tential  hazard  to  human  health  or  t!  r 
environment  when  it  is  improperly 
treated,  stored,  transported,  disposed 
of  or  otherwise  managed:  and 

(2)  The  cnoracteristlc  con  be: 

(1)  Measured  by  an  available  stand-  . 
ardized  test  method  which  is  reason¬ 
ably  within  ihe  capability  of  genera¬ 
tors  of  solid  waste  or  private  sector 
laboratories  that  are  available  to  serve 
generators  of  solid  waste:  or 

(it)  Reasonably  detected  by  genera¬ 
tors  of  solid  waste  through  their 
knowledge  of  their  waste. 

I281.il  Criteria  for  livting  hazardous 
waste. 

(s)  The  Administrator  shall  list  a 
solid  waste  as  a  hazardous  waste  only 
upon  determining  that  the  solid  *a>ie 
meets  one  of  the  following  criteria. 

ili  It  exhibits  any  of  the  character¬ 
istics  of  hazardous  waste  identified  n 
Subpan.  C. 

‘2>  It  has  been  found  to  be  fatal  -o 
humans  in  low  doses  or.  in  the  absence 
of  data  on  human  toxicity,  it  has  oeen 
shown  in  studies  to  have  an  oral  LD  50 
toxicity  i rat’  of  less  than  50  rmllt 
grams  per  kilogram,  an  inhalation  LC 
50  toxicity  <rac>  of  less  than  2  miill 
grams  per  liter,  or  a  dermal  LD  50  ’os 
icity  'rabbin  of  less  than  JOfl  miiu 
grams  per  kilogram  or  :s  other-* tie  * 
pable  of  causing  or  significantly  'on 
iributing  to  an  trer-ase  in  serious  rre 
versible.  or  incapacitating  reversion 
illness  'Waste  listed  in  accordance 
with  these  criteria  will  he  designaied 
Acute  Hazardous  Waste  > 
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,3-,  it  contains  any  of  the  toxic  eon- 
.•Ituents  listed  in  Appendix  VIII 
5.'nj?js.  after  considering  any  of  the 
knowing  factors,  the  Administrator 
-includes  that  the  waste  is  not  capa- 
Iv'of  posing  a  substantial  present  or 
mi-ential  hazard  to  human  health  or 
environment  when  improperly 
'.-tt ted.  stored,  transported  or  dis¬ 
ced  of.  or  otherwise  managed: 

i,i  The  nature  of  the  toxicity  pre¬ 
sented  by  the  constituent. 

,iii  The  concentration  of  the  constit¬ 
uent  m  the  waste. 

mi)  The  potential  of  the  constituent 
or  any  toxic  degradation  product  of 
the  constituent  to  migrate  from  the 
aaste  into  the  environment  under  the 
;vp*s  of  improper  management  consid¬ 
ered  in  paragraph  (aK3)(vii)  of  this 
section. 

,  iv  1  The  persistence  of  the  constitu¬ 
ent  or  any  toxic  degradation  product 
of  the  constituent. 

t  v  1  The  potential  for  the  constituent 
or  any  toxic  degradation  product  of 
the  constituent  to  degrade  into  non- 
nartnful  constituents  and  the  rate  of 
degradation. 

1  vi)  The  degree  'o  which  the  constit¬ 
uent  or  any  degradation  product  of 
the  constituent  bioaccumulates  in  eco¬ 
systems. 

1  vii)  The  plausible  types  of  improper 
management  to  which  the  waste  could 
oe  sub)  rcted. 

ivut)  The  quantities  of  the  waste 
generated  at  individual  generation 
sites  or  on  a  regional  or  national  basis. 

1  ix.  The  nature  and  severity  of  the 
human  health  and  environmental 
damage  that  has  occurred  as  a  result 
of  the  improper  management  of 
wastes  containing  the  constituent. 

x .  Action  taken  by  other  govern¬ 
mental  agencies  or  regulatory  pro¬ 
grams  based  on  the  health  or  environ¬ 
mental  hazard  posed  by  the  waste  or 
ijj'e  constituent. 

x.  Such  other  factors  as  may  be  ap- 
connate 

S.bstar.ces  will  be  listed  on  Appendix 
•111  only  ;f  they  na\e  been  shown  in 
•■entific  studies  to  have  toxic,  carci- 
"  me  mutagenic  or  teratogenic  ef- 
-  or.  humans  or  other  life  forms 
'.Varies  listed  in  accordance  with 
"■  •••''•  criteria  will  be  designated  Toxic 
-  a. '  »s  i 


§  261.20 

(b)  The  Administrator  may  list  class¬ 
es  or  types  of  soli-  waste  as  hazardous 
waste  if  he  has  reason  to  believe  that 
individual  wastes,  within  the  class  or 
type  of  waste,  typically  or  frequently 
are  hazardous  under  the  definition  of 
hazardous  waste  found  in  Section 
1004(5)  of  the  Act. 

(c)  The  Administrator  will  use  the 
criteria  for  listing  specified  in  this  sec¬ 
tion  to  establish  the  exclusion  limits 
referred  to  in  i  281.5(c). 

Subpart  C— Characteristic*  of 
Hazardous  Wosta 

12(1.20  General. 

(a)  A  solid  waste,  as  defined  in 
i  261.2.  which  is  not  excluded  from 
regulation  as  a  hazardous  waste  under 
i  261.4(b).  is  a  hazardous  waste  if  it  ex¬ 
hibits  any  of  the  characteristics  identi¬ 
fied  In  this  subpart. 

[Comment  12(2.11  of  this  chapter  leu 
forth  the  generator’s  responsibility  to  deter¬ 
mine  whether  his  waste  exhibits  one  or 
more  of  the  characteristics  Identified  In  this 
subparti 

(b)  A  hazardous  waste  which  Is  iden¬ 
tified  by  a  characteristic  In  this  sub¬ 
part.  but  is  not  listed  as  a  hazardous 
waste  in  Subpart  D.  is  assigned  the 
EPA  Hazardous  Waste  Number  set 
forth  In  the  respective  characteristic 
in  this  subpart.  This  number  must  be 
used  in  complying  with  the  notifica¬ 
tion  requirements  of  Section  3010  of 
the  Act  and  certain  recordkeeping  and 
reporting  requirements  under  Parts 
262  through  265  and  Part  270  of  this 
chapter. 

> c )  For  purposes  of  this  subpart,  the 
Administrator  will  consider  a  sample 
obtained  using  any  of  the  applicable 
sampling  methods  specified  ,n  Appen¬ 
dix  I  to  be  a  representative  sample 
within  the  meaning  of  Part  260  of  this 
chapter. 

t  Comment.  Since  the  Appendix  I  sampling 
methods  are  not  being  formally  adoptrd  by 
the  Administrator,  a  person  who  desires  to 
employ  an  alternative  sampltng  method  is 
not  required  to  demonstrate  the  equnaieney 
of  his  method  jnder  the  procedures  set 
lorth  in  U  260  20  and  260  21.1 

[45  FH  33119.  May  19  I960  as  amended  M 
48  FK  14294.  Apr  1  19(31 
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I  261.21  ClMiMttrtitk  of  ignitability. 

(a)  A  solid  waste  exhibits  the  charac¬ 
teristic  of  ignitability  if  a  representa¬ 
tive  sample  of  the  waste  has  any  of 
the  following  properties: 

(1)  It  is  a  liquid,  other  than  an  aque¬ 
ous  solution  containing  less  than  24 
percent  alcohol  by  volume  and  has 
flash  point  less  than  80‘C  (140'F).  as 
determined  by  a  Pensky-Martens 
Closed  Cup  Tester,  using  the  test 
method  specified  Ln  ASTM  Standard 
D-93-79  or  D-93-80  (incorporated  by 
reference,  see  }  280.11).  or  a  Setafiash 
Closed  Cup  Tester,  using  the  test 
method  specified  ln  ASTM  Standard 
D-3278-78  (incorporated  by  reference, 
see  J280.ll).  or  as  determined  by  an 
equivalent  test  method  approved  by 
the  Administrator  under  procedures 
set  forth  ln  11  280.20  and  280.21.. 

(2)  It  is  not  a  liquid  and  Is  capable, 
under  standard  temperature  and  pres¬ 
sure.  of  causing  fire  through  friction, 
absorption  of  moisture  or  spontaneous 
chemical  changes  and.  when  ignited, 
bums  so  vigorously  and  persistently 
that  .t  creates  a  hazard. 

(3)  It  is  an  ignitable  compressed  gas 
as  defined  In  49  CFR  173.300  and  as 
determined  by  the  test  methods  de¬ 
scribed  in  that  regulation  or  equiva¬ 
lent  test  methods  approved  by  the  Ad¬ 
ministrator  under  11  280.20  and  280.21. 

(4)  It  Is  an  oxidizer  as  defined  in  49 
CFK  173.151. 

(b)  A  solid  waste  that  exhibits  the 
characteristic  of  ignitability.  but  is  not 
listed  as  a  hazardous  waste  in  Subpart 
D.  has  the  EPA  Hazardous  Waste 
Number  of  D001. 

(43  FR  33119.  May  19,  1960  aa  amended  at 
16  FR  33347.  July  7.  19611 

1  261.22  Oieraeterialie  of  eo«ro*i*Uy. 

'a)  A  solid  waste  exhibits  the  charac¬ 
teristic  of  corrosivity  if  a  representa¬ 
tive  sample  of  the  waste  has  either  of 
the  following  properties: 

'  1 )  it  is  aqueous  and  has  a  pH  less 
than  or  equal  to  2  or  greater  than  or 
equal  to  12.5.  as  determined  by  a  pH 
meter  using  either  an  EPA  test 
method  or  an  equivalent  test  method 
approved  by  the  Administrator  under 
’he  procedures  set  forth  in  55  260  20 
and  260  21  The  EPA  test  method  for 
pH  is  specified  as  Method  3  2  in  Test 
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Methods  for  the  Evaluation  of  Solid 
Waste.  Physical/Chemical  Methods' 
(incorporated  by  reference,  see 
1  260.11). 

(2)  It  is  a  'iquid  and  corrodes  steel 
(SAE  1020)  at  a  rate  greater  than  6.35 
mm  (0.250  inch)  per  year  at  a  test  tem¬ 
perature  of  55"C  ( 130*P)  as  determined 
by  the  test  method  specified  in  NACE 
(National  Association  of  Corrosion  En¬ 
gineers)  Standard  TM -01-69  as  stand¬ 
ardized  ln  "Test  Methods  for  the  Eval¬ 
uation  of  Solid  Waste.  Physical/ 
Chemical  Methods"  (incorporated  by 
reference,  see  1  280.11)  or  an  equiva¬ 
lent  test  method  approved  by  the  Ad¬ 
ministrator  under  the  procedures  set 
forth  in  II  280.20  and  260.21. 

(b)  A  solid  waste  that  exhibits  the 
characteristic  of  corrosivity,  but  Is  not 
listed  as  a  hazardous  waste  In  Subpart 
D.  has  the  EPA  Hazardous  Waste 
Number  of  D002. 

(45  FR  33119.  May  19.  1980.  aa  amended  at 
46  FR  35247.  July  7.  19dt) 

9  261.23  Charaeteriatie  of  reactivity. 

(a)  A  solid  waste  exhibits  the  charac¬ 
teristic  of  reactivity  if  a  representative 
sample  of  the  waste  has  any  of  the  fol¬ 
lowing  properties: 

(1)  It  is  normally  unstable  and  read¬ 
ily  undergoes  violent  change  without 
detonating. 

(2)  It  reacts  violently  with  water.. 

(3)  It  forms  potentially  explosive 
mixtures  with  water. 

1 4)  When  mixed  with  water,  it  gener 
ates  toxic  gases,  vapors  or  fumes  in  3 
quantity  sufficient  to  present  a  danger 
to  human  health  or  the  environment. 

1 5l  It  is  a  cyanide  or  sulfide  bearing 
waste  which,  when  exposed  to  pH  con¬ 
ditions  between  2  and  12.5.  can  gener¬ 
ate  toxic  gases,  vapors  or  fumes  in  a 
quantity  sufficient  to  present  a  danger 
to  human  health  or  the  environment 

■  8 )  It  is  capable  of  detonation  or  ex¬ 
plosive  reaction  if  it  is  subjected  to  a 
strong  initiating  source  or  if  heated 
under  confinement 

(7>  It  is  readily  capable  of  detona¬ 
tion  or  explosive  decomposition  or  re¬ 
action  at  standard  temperature  and 
pressure. 

3)  It  is  a  forbidden  explosr. e  as  de¬ 
fined  in  49  CFR  173  51.  or  a  Class  A 
explosive  a s  defined  rn  49  CFR  l~3  53 
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Class  B  explosive  as  defined  in  49 
rf'n  173.88. 

b,  a  solid  waste  that  exhibits  the 
'°,f(enstie  of  reactivity,  but  is  not 
f  ;d  a*,  a  hazardous  waste  in  Subpart 
n  'has  the  EPA  Hazardous  Waste 
lumber  of  D003. 

t  -Sl.jj  Characterimir  of  EP  toxicity. 

A  solid  waste  exhibits  the  charac- 
'5UC  of  EP  toxicity  if.  using  the  test 
methods  described  in  Appendix  II  or 
bivalent  methods  approved  by  the 
Administrator  under  the  procedures 
,  °  forth  in  45  260.20  and  260.21.  the 
extract  from  a  representative  sample 
(  ttie  waste  contains  any  of  the  con- 
laminants  listed  in  Table  1  at  a  con¬ 
centration  equal  to  or  greater  than  the 
respective  value  given  in  that  Table. 
Where  the  waste  contains  less  than  0.5 
percent  filterable  solids,  the  waste 
tuelf  after  filtering.  Is  considered  to 
se  the  extract  for  the  purposes  of  this 
section. 

tb)  A  solid  waste  that  exhibits  the 
characteristic  of  EP  toxicity,  but  Is  not 
luted  as  a  hazardous  waste  in  Subpart 
D  has  the  EPA  Hazardous  Waste 
Number  specified  In  Table  I  which  cor¬ 
responds  to  the  toxic  contaminant 
causing  it  to  be  hazardous. 

•’’able  i— Maximum  Concentration  Of  Con¬ 
taminants  COR  Characteristic  Of  EP 
Toxicity 
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Subpart  0 — Lists  of  Hazardous 
Wastes 

9  261.30  General. 

(a)  A  solid  waste  is  a  hazardous 
waste  if  it  is  listed  in  this  subpart, 
unless  it  has  been  excluded  from  this 
list  under  44  260.20  and  260.22. 

(b)  The  Administrator  will  indicate 
his  basis  for  listing  the  classes  or  types 
of  wastes  listed  In  this  Subpart  by  em¬ 
ploying  one  or  more  of  the  following 
Hazard  Codes: 


Aim  I'' 

Cohort*  amn  .  |C' 

R**c*v*  WMt*  .  ,al 

EP  TOXIC  W Ml*  .  l'-l 

Acuf*  HazROONf  *1411  IHl 

totk  w«t«  m 

Appendix  VII  Identifies  the  constitu¬ 
ent  which  caused  the  Administrator  to 
list  the  waste  as  an  EP  Toxic  Waste 
(E)  or  Toxic  Waste  (T)  In  54  261.31 
and  261.32. 

(c)  Each  hazardous  waste  listed  in 
this  subpart  is  assigned  an  EPA  Haz¬ 
ardous  Waste  Number  which  precedes 
the  name  of  the  waste.  This  number 
must  be  used  in  complying  with  the 
notification  requirements  of  Section 
3010  of  the  Act  and  certain  record- 
Keeping  and  reporting  requirements 
under  Parts  262  through  265  and  Part 
270  of  this  chapter. 

<d>  The  following  hazardous  wastes 
listed  :n  |  261.31  or  5  261.32  are  subject 
to  the  exclusion  limits  for  acutely  haz¬ 
ardous  wastes  established  in  5  26 1.5 
EPA  Hazardous  Wastes  Nos.  FO20. 
F021.  F022.  F023.  F02S.  and  F027. 
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j  261.31 

.  45  FR  33119.  May  19.  1980.  as  amended  at 
18  FR  14294.  Aor  1.  1983:  50  FR  2000.  Jan. 
14.  19851 

Errtcrivt  Dati  Non:  At  50  FR  2000.  Jan. 
14.  1985.  5  261  30< dl  was  revised,  effective 
July  15.  1985.  For  the  convenience  of  the 
user.  the  superseded  text  is  set  out  below: 


40  CFR  Ch.  I  (7-1-43  Edition) 
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<di  The  following  hazardous  wastes  listed 
in  \  261.31  or  }  261  32  ire  subject  '.o  the  .>x 
elusion  limits  for  acutely  hazardous 
established  m  \  261.5.  {Reserved! 
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§  261.31  Hazardous  wastes  from  non-specific  sources. 

The  following  solid  wastes  are  listed  hazardous  wastes  from  nen  specific 
sources  unless  they  are  excluded  under  51  260.20  and  260.22  and  listed  in  Appen¬ 
dix  IX. 
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«ptf«p  "om  mp  oroducr>oo  of  *<p*»cr"oro©m*op  *r<sert  *>-qrmr  ouc*-^  2*3- 
'fXlMoroOf'Pmjf  1 

<*r«lfpp  psCPOf  *pptp<*p(pr  pryj  ^opnf  c»rOor’  '»om  ■'AfOre<5pn  .;f*«o»^P  Ovir*c«f«or»* 
'•cm  ?r»p  oroOoctor’  or  -•mJfPCtcr’rvj  «p  I  ’P4c:«r>t  -'m»-*i*4*»  X 

20moorspm  r»  a  'ormuta«tr*g  cr-OCPPPI  Of  0#r,'r»cr,(C"20r‘»r*O*  0»  Of  '“•»'*P0«4r<rP 
j*Pd  fO  OfOCKiCP  fP  3Pr^»a<ivPP 
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*«j  e»* 
'•*"  .»« NO 


HukOM  •*•»!« 


WutM  'aicapt  «UM«aW  and  *Ot*r  Jfttoo  Iwi  ttydrogan  CNonda  purification)  (H) 
from  m#  manufacturing  um  (as  a  faactant.  cnanKAt  mtarmarfraia.  or  componant  hi  ‘ 
a  (ormyiaung  procaaa)  of  tatra-.  p«nt*-.  or  ha*act>ioro<sanranaa  gndar  a*afcna  j 
Condrtiona  I 

Waatas  laieapt  wastawatar  and  scant  carftoo  from  hydrogan  cftfonda  punfw^tiont  (H> 
(torn  ma  production  of  maianatt  on  aouemant  pramousty  uaad  (or  ma  protAxrtxx' 
or  manufacturing  uaa  taa  a  faactant.  c ftam<el  mtarmadiaia.  or  cbmponant  m  a 
formulating  procaaa)  of  tn-  and  tatracNoroonanon  (TNs  baling  doas  not  mcfcida  ; 
•aavai  from  aguomnni  used  onfy  *or  ma  production  or  uaa  of  HaracNoropnaoa  : 
trom  NgWy  {Axtfiad  2.4,5.tncn*Oropftonoi ) 

Waataa  (t*caot  wastawamr  and  apant  caroon  from  hydrogan  cf*onda  purmcat«on)  !  (M> 
trom  ma  production  of  mafanafa  on  aquomant  previously  caad  lor  ma  manufactur¬ 
ing  uaa  (aa  a  raactant.  cnaoweai  mtarmaduta.  or  componant,  hi  a  fom*jtanng  i 
>  procaaa)  of  latra-.  pant*-.  or  ftasactnorobanrana  undar  afeafcna  conditions  . 

i  Diacardad  uviaad  tormufacona  oontaaang  tn-.  tatra-.  or  pantacnfc*cpf>bnoi  or  <*a-  !  <H) 
j  cardad  unuaad  formuiaaona  contansng  compounoa  danvad  from  masa  cNoroonan-  ! 

0<*  (TNS  bttmg  doas  nof  nctuda  form-jlationa  containing  WatacNoropfiana  tytna- 
•a ad  trom  praounfiad  2.4.5-tncfi*oroof>ano(  a a  ma  to*a  componant ) 

:  Paa«Juat  raaurtmg  from  ma  monarabon  or  manual  traaimant  of  *04  contansngtad  <T) 
wan  €PA  Hazardoua  Wasta  Noa.  F020.  F02).  F022.  F023.  fO&.  and  F027 


46  FR  4817,  Jln  l8-  1**1-  “  tmended  at  46  FR  27477.  May  20.  1981;  49  FR  5312.  Feb  10. 
:*M  49  FR  37070.  Sept.  21.  1964:  50  FR  665.  Jan.  4.  1985;  50  FR  2000.  Jan.  14.  19851 
Errtcrtv*  Datz  Non;  At  50  FR  885  Jan.  4.  1985.  the  hazardous  waste  listings  for  F007. 
yuos  F009.  F010.  F011.  and  F012  were  revised,  effective  July  5.  1985.  At  50  FR  2000.  Jan.  14. 
ll«5  the  hazardous  waste  Ustlnts  for  F020.  F021.  F022.  F0I3.  F028.  P027.  and  F028  were 
added,  effective  July  15  1985.  For  the  convenience  of  the  user,  the  superseded  text  Is  set 

out  below; 

|  281-31  Hazardous  waste*  from  non-specific  source*. 


«u,rr  ww  £PA  "atwoou* 

.lilt  NO 


Hazardous  *aata 


Srdnt  cyamda  paanq  pam  solutions  *om  atactropfatmg  oparaban*  (#«eaot  for  (F  n 
praoout  mataia  xactropiaMg  soant  cyarvda  putting  bam  solutions) 

Pitting  cam  smdgaa  trom  ma  bottom  of  piaimg  bams  from  aiactrociatmg  oparai*ons  (P.  t> 
«mara  cyamdaa  ara  uaad  n  ma  procaaa  ia*capt  tor  praooua  matais  aiactr  opiating 
plating  bam  siuogaa) 

Soant  strojnq  and  oaanmg  bam  soMiona  trom  aiactropiaang  oparationa  «mara  (P  T, 
cyanidaa  ara  uaad  m  ma  procaaa  latcapf.  tor  pracioua  matus  wactr  opiating  soant  ■ 
ttrwng  tnd  Claaomg  bam  solutions) 

O-jancfvng  bam  studga  from  oh  bams  trom  m#ta<  naat  trsatmg  oparations  i*nara  (P.  T) 
Oramdas  ara  uaad  n  ma  procaaa  ia«caot  for  praooua  matais  naat-tpaatmg 
buancrsng  bam  siudgaai 

?uont  cy-nKj#  solutions  from  sa*t  bam  pot  cfaanmg  bom  marj'  naat  traatmg  (P  T) 
ooarat^os  (ascaot  for  orac>ous  mata*s  naal  traamsg  soant  evarrda  soiuhons  teom 
sa<t  bam  oot  cnan*ng) 

Quancrung  *«strn>si«r  traaimant  tKsdgat  f»om  m#t*»  n#st  t*ta*ng  oo*r«tions  «*ngra  »T> 
evancoss  ara  uaad  *«  ms  procass  aicaot  lor  praoous  msis*s  **aat  traatmg 
puancrvng  wsstawatar  traaimant  siwdgast 


-fit .32  Hazardous  wastes  from  specific  sources. 

Thr  following  solid  wastes  are  listed  hazardous  wastes  from  specific  sources 
iniess  they  are  excluded  under  }}  260.20  and  260.22  and  listed  in  Appendix  IX. 

-  .  .i«  "aia'boui  •«»{# 


9crc""  V*d.mgr*  UuOgp  ”0"*  ‘ng  tr*aimyA»t  Qf  *#»!••«»#'»  "O'r  wyyj 

yocatt-as  mat  uta  c'aoscta  and* or  oanfsemp-po^gnot 


\  s  V 


V  ‘i 
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industry  and  6PA 
mtatm  No. 


HOMTd OU«  waft# 


;  hum 

coo* 


norqamc 

-400? 


*003 

*004 

*005 

*006 

*007 

*006 

Orgamc 

*006 

*010 

*011 

*013 

*016 

*015 

*016 

*017 

*016 

*019 

*020 

*021 

*02k 

*023 

*024 

*093 

*094 

*025 

*026 

*027 

*026 

*029 

*096 

*096 

*030 

*063 

*103 

*’04 

*065 

*105 


'norqamc  c. 
*07i 

*073 

4106 

oaatodaa 

*031 

*032 

*033 

*034 


*035 

*016 

•<037 

-036 

-039 

"040 

-041 

-096 


wi«««ii ar  traatmam  uxigt  *rom  ma  production  of  chroma  raNrw  M  oranqi  (T) 

m 

|T) 

(D 

m 


:  Wunwiw  traatmam  feueqa  from  ma  production  of  mofytidata  » anqa 

.  WuitMtsr  traatmam  tkjjqm  from  17*  production  of  one  ya*0»  pajmami . 

;  Wmawtur  traatmam  vudga  from  ma  production  of  chroma  graan  pwynnma . 

'  wutawatar  traatmam  uuoq#  from  ma  production  of  cfwoma  onda  graan  pqmm 
(anhydroua  and  nydratadl 

,  Wastawatar  traatmam  *Judga  from  ma  production  of  *on  ttua  pwjmant» 

Ovan  ra*dua  from  ma  production  of  chroma  o»da  groan  pqmanta 


co 

m 

(T1 

ro 

<«.  n 
n.  n 
T) 

m 

m 

m 


I  Oatrtaoon  oonoma  from  tha  oroducoon  of  acatafdanyoa  from  athyfana 
.  .  OatMtwn  wda  cua  from  fm  production  of  acataidanyda  from  amytana 

I  Sonom  ttraam  from  ma  vaatawatar  ttnorm  n  tha  producaon  of  Knmma  . . 

...,  Bonom  ttraam  from  ma  acatortma  commn  -i  ma  oroducoon  of  acryasnaraa  . 

;  Sonoma  from  ma  acatonnma  outdoor  comw  <n  ma  oroducoon  of  aciy*o«an6a 
....  Saa  Oonoma  from  ma  o«w<aoon  of  Oanryi  emonda 

naawy  anda  or  <*att>at»n  tmmtPtmm  from  ma  producacn  of  carOon  itracttonda 
...i  Harry  anda  ita«  Oonoma)  fom  ma  pun*eaoon  coAann  n  ma  production  c* 
j  Mcnforonydrm 

...  Haavy  anda  from  ma  fracuonaaon  cdfumn  «i  a<ny<  cn*onda  production . . 

,  Haavy  anda  from  tha  <*atttaaon  of  tfhyfana  *cn*onda  n  whyiana  i^cmonda 
|  production.  * 

.  Haavy  anda  from  ma  Aaofiaaon  of  -wy«  chfonda  «  nnyf  emonda  monomar  •  (T) 
production  i 

Aduaous  toant  antimony  citaryaf  wasta  from  nuoromamanaa  production  .  _ (T3 

I  Dutttaoon  Oonom  tara  from  tna  producoon  of  pnanoi/acaama  from  c umana . (T) 

|  Ontttaoon  t fgr*  anda  from  mm  oroducoon  of  pnmatc  mnyi»xja  from  wtpnmiiana  .... .  fO 

..!  Oaottaoon  oonoma  from  ma  production  of  pnmaac  w»yOOa  from  naenmafana  _ ■  (TJ 

.  Onofiation  i«gnt  anda  from  ma  production  of  onma*c  annydnda  from  ormo-«>— **  (T) 

Oattiaoon  Oonoma  from  ma  produrxm  of  pnmaac  trmydnda  fror.  jono-ryiana  . .  ..  fO 
...  Oattiaoon  oonoma  from  tna  production  of  'Mtrooanxana  oy  mm  .'"ration  of  bant  ana  .<  fH 

Stnppmq  sM  ta*a  from  mm  production  of  matfiy  a«nyt  pyrxanaa  .  (T) 

Cantrfuqa  and  draoHation  ra*dua a  my*  rofuana  dvaoryanata  oroducoon . 1*.  T 

j  Soar*  ci'afyaf  from  mm  nydroemonnator  'aactor  -i  t^a  production  of  f.l.t-meNen-  fO 
oatnana 

..j  Waata  from  tna  product  ataam  tnooar  n  tna  production  of  1  i.Mncnoroamana 
..{  Oaoaaaon  oonoma  from  tna  production  of  i.i.i-v>cf*oroa6ttna 
.  |  Haavy  an da  from  tna  haavy  anda  column  from  ma  production  of  1.1.1 
j  ana 

...  Cofumn  oonoma  or  haavy  and a  from  tha  comtanad  producaor  of  tncworoaavawa  -  (T) 


;  Otttiation  oonoma  from  anHna  oroduchon 
P»ocaaa  rattduaa  from  am«na  anracoon  ^rnm  mm  oroAiction  of  inrfma 
Comomad  naatavratar  Itraami  gaoarttad  *rom  »MroOar  tanar  »ni*ma  oro^cton 
Ottmation  or  fractionation  column  oonoma  ‘»om  tna  production  of  emorooantar 
,  Sacarstad  aquaoua  atraam  *rom  tna  'aac:o t  product  <*aa/vrq  atao  n  i 
of  cmoroOantaoaa 


t*n 

(T1 

<n 

|T> 

rn 


iti 


8rma  tamhcation  m-  oa  from  m#  "»areury  ca*  procaaa  >n  emonna  oroduttwn. 

«ao«/atary  oraourmad  Onna  *  not  uaad 

I  Chtonnatad  nyorocaroon  naata  from  ma  ounhcation  atao  of  rha  'Monraqm  (71 
procaaa  u*ng  graorvta  anodaa  >n  cfionna  oroducoon 
Wastmatar  traatmam  Uudqa  f»om  tha  m#rcury  ca*  procaaa  >n  ch»onn«  proc*rct»dh  t^l 


'  9y-orwX*rt  aana  ganaratad  m  ma  orotAjeoon  of  MSMA  and  cacotfy*«c  ac*J 
^raataviatar  rraatmam  a*idg#  from  mm  oroducoon  o^  emoroana 
v^aatav*atar  and  acrud  «atar  ‘rpm  ma  :monnation  oi  r>ooonnt*d^na  n  m# 
product  on  of  ch*ordana 

^  ««ar  ao**Ja  *rom  tr>a  filtration  of  •'a«ach*orocyciooant*piana  >n  ma  oroducfion  jf 
emoroana 

vacuum  imooar  >acrarpa  *ro m  tna  rnioroana  mionnator  n  t*a  production  * 
emoroana 

•Vaatavratar  vaatmam  jiuoqaa  janaraiad  n  t"a  o'oducoon  of  craoaoia 
SMI  Oonoma  from  foiuana  'ac  amaton  J’iii‘*ation  n  m.*  production  }ivu<fofon 
Aaaiawaiar  'raatma.it  aiud^aa  *’om  t#  coducton  pf  .oauifoton 
rvaaiawatar  "om  tha  '•aan-rg  and  y.r  oo^q  'J  pnoraia  production 
?,,t ar  'i«a  from  *f»a  Mfration  pf  1'#mvonoachorodifho<  ac*1  n  tr#  production  o* 
pnorata 

rVaa'aviaiar  'raatmam  aivKiqa  'rom  ma  oroduct’O  onprata 
Afa-itmaatar  ’raarmant  vudqa  ''pm  ’*a  crpduc’ompf  'o*aonana 
U'ntraaiad  orpcaaa  «aaiawatar  *'«n  *r>#  production  of  'ouenan# 


«n 

.71 

(O 

in 

•n 


Si 


-aa 

fetf. 

SUB 
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!? 

.v3 
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@ 
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£»»  r*i*aoM 
"*  .....NO  _ _ 


HA/ardout 


.  Naav v  ««3»  w  MWMdo*  fwduw  tfM  omupmoa  o*  tirtcftiqroegnt—M  *  m* 

•  product*^  <*  2.4  S-T 

...  . 1  2-frOcf4orooo#f»o<  wMta  trom  tn«  production  <*  2.4-0  . 

Umraatad  wwtawatar  from  th«  production  o<  2.4-0 

1  ***1^7**  ..  .  WMMWM  traatmam  siudg**  from  th#  manufacturing  and  procntng  o ♦  «xpto«f*at 

4*jt  .  ... . . . So*m  cartxjn  from  tna  traatmant  of  waatawatar  comaaang  aspioarvaa 

*  1  . . . j  Waitawatar  t^aatmant  atudgaa  from  ma  m#rv<f actunng.  furrrmMfcon  and  loaomg  of 

'  4  ‘  kaad-Oaaad  initiating  comoounca 

.4.  . Pnii/rad  watar  from  TNT  ooarationa . 

*  afimng. 

a  ... . .  Draaofvad  •*  fiotabon  (DAP)  float  from  ma  paaofaww  rafmmg  mduavy . . . 

a '  4  .  S*oo  ori  amulaion  aoada  from  tia  patro*aum  ratrimg  nduatry . 

"  ‘.4-  .  Haal  aucnangar  ounota  ciaanng  aiudga  from  tha  pgtroMum  raftnmg  mduavy  . 

*'„i,  . . . —.!  API  aaoarator  aluaga  from  ma  oatrtaaum  rafmmg  nduatry . 

|‘,j.  _ _ ’  Tana  bottoma  Oaadad)  from  ma  pmnaaim  raNang  nduary . 

gnc  itaa* 

,y.  . Emwaion  controf  duat/afudga  from  ma  pnmar>  production  at  mat  n  a  acme 

fumacaa 

,  4-  . . •  Soam  pic«ta  Major  from  ataaf  fm**ng  oparaaom . 


.a^r****  pnarmacautcafa. 


. ,  Ermaaon  control  duti/*Aioga  from  *acondar>  taad  vnaxmg . 

,  Waaca  laacfwiq  louoon  from  acxJ  M*cnmg  of  amna *on  comrot  tfutirafudga  from 
aacondary  Mad  amattmg 


fymjigtion  KOM 


Waataaatar  traatmant  aludgat  ganaratad  durmg  tha  production  of  pnwtn*.  . 

j  caubcafa  from  araamc  or  organo-arwac  comoouyj* 

....  OMbUaaon  tar  rt*du«  from  ma  dwiabon  o«  anMna^aaad  comoounda  n  ma 
j  prooucaon  o*  vaaannary  pnarmacauacaM  from  araamc  of  organo-araamc  com- 
j  pound*  ,  j 

— !  PaaaXia  from  tha  uaa  of  actrvatad  carton  for  dacoforqaac^  m  tha  producaon  of 
vatarmary  pharmacaubcaft  from  araamc  or  organo-araamc  comoounda 
Sofvant  waanaa  and  dudgaa.  cauatic  waanaa  and  ifjdgn.  or  «aiar  waarwa  and 
sfudgaa  from  ctaamng  tuoa  and  aouemant  uwq  m  ma  formulation  of  <na  from 
mgmanta.  onara.  aoaoa  and  stao^zara  contammg  cnromujm  and  Mad 


«  Ammoma  atm  hm#  atudga  from  cotung  ooarationa 
,  Oacantar  tana  \*r  tiudga  from  eoamg  operation*  ... 


146  rR  4618.  J»n.  1«.  1881.  u  amended  tc  46  FR  77476-27477.  May  20  1981:  49  FR  37070 
S-p:  21.  1984] 


•  261.33  Discarded  commercial  chemical 
product*.  ofT-§pecification  species  con- 
tainer  residue*,  and  spill  residue* 
thereof. 

The  following  materials  or  items  are 
htutardous  wastes  when  they  are  dis¬ 
carded  or  intended  to  be  discarded  as 
described  in  5  261.2(a)(2)(l).  when  they 
art-  burned  for  purposes  of  energy  re- 
co-.ery  in  lieu  of  their  original  intend- 
ec  use.  when  they  are  used  to  produce 
fuels  in  lieu  of  their  original  intended 
usi  when  they  are  applied  to  the  land 
ir,  lieu  of  their  original  intended  use. 
or  when  they  are  contained  in  prod¬ 
uct.'  that  are  applied  to  the  land  in 
-  of  their  original  intended  use. 
a  Any  commercial  chemical  prod- 
u":-  or  manufacturing  chemical  inter- 
.r.fdiate  having  the  generic  name 


listed  in  paragraph  <e)  or  :f)  of  this 
section. 

tb)  Any  off-specification  commercial 
chemical  product  or  manufacturing 
chemical  Intermediate  which,  if  it  met 
specifications,  would  have  the  generic 
name  listed  in  paragraph  (e)  or  <f>  of 
this  section. 

<c>  Any  container  or  inner  liner  re¬ 
moved  from  a  container  that  has  been 
used  to  hold  any  commercial  chemical 
product  or  manufacturing  chemical  in¬ 
termediate  having  the  generic  names 
listed  in  paragraph  (e)  of  this  section, 
or  any  container  or  inner  liner  re¬ 
moved  from  a  container  that  has  been 
used  to  hold  any  off-specification 
chemical  product  and  manufacturing 
chemical  intermediate  which,  if  it  met 
specifications,  would  have  the  generic 
name  listed  in  paragraph  <e>  of  this 
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section,  unless  the  container  Is  empty 
as  defined  in  I  2fll.7<bx3>  of  this  chap¬ 
ter 

(Comment  Unless  the  residue  s  hems  bene¬ 
ficially  used  or  reused,  or  lesitimately  recy¬ 
cled  or  reclaimed:  or  being  accumulated, 
stored,  transported  or  treated  prior  to  such 
uae.  re-use.  recycling  or  reclsmation.  EPA 
.deciders  the  residue  to  be  intended  for  dig¬ 
it*  i  1.  and  thus  s  hazardous  sraste  An  exam¬ 
ple  of  s  legitimate  re-use  of  the  residue 
srouid  be  where  the  residue  remains  in  the 
container  and  the  container  is  used  to  hold 
the  same  commence!  chemical  product  or 
manufacturing  chemical  product  or  manu¬ 
facturing  chemical  intermediate  It  previous¬ 
ly  held.  An  example  of  the  discard  of  the 
residue  would  be  where  the  drum  is  sent  to 
a  drum  reconditioner  who  reconditions  the 
drum  but  discards  the  residue  ) 

(d)  Any  residue  or  contaminated  soil, 
water  or  other  debris  resulting  from 
the  cleanup  of  a  spill  into  or  on  any 
land  or  water  of  any  commercial 
chemical  product  or  manufacturing 
chemical  intermediate  havtng  the  ge¬ 
neric  name  listed  in  paragraph  <e)  or 
<f>  of  this  lection,  or  any  residue  or 
contaminated  soil,  water  or  other 
debris  resulting  from  the  cleanup  of  a 
spill,  into  or  on  any  land  or  water,  of 
any  off-specification  chemical  product 
and  manufacturing  chemical  interme¬ 
diate  which.  If  It  met  specifications, 
would  have  the  generic  name  listed  in 
paragraph  (e)  or  if)  of  this  section. 

(Comment  The  phrase  commercial  chemi¬ 
cal  product  or  manufacturing  chemical  in- 
'.ermedlate  having  ’.he  generic  name  luted 
in  "  refers  :o  a  chemical  jubatir.ee 

wnich  is  manufactured  or  formulated  for 
commercial  or  manufacturing  ue  which 
consist!  of  the  comm*rciall>  pure  grade  of 
the  chemical,  any  technical  grades  of  the 
chemical  lhal  are  produced  or  mameted. 
and  ail  formulations  in  whten  the  chemical 
is  the  sole  active  ingredient  It  does  not 
refer  to  a  material,  such  as  s  manufacturing 
process  waste,  that  contains  any  of  the  sub¬ 
stances  luted  :n  paragraphs  .e>  or  .f) 
'Sfher?  v  manufacturing  process  waste  :s 
deemed  to  be  v  hazardous  waste  because  -t 
contains  t  substance  listed  in  paragraphs  e> 
or  f)  such  waste  will  be  listed  n  -tther 
II  ?8l  31  or  261  22  or  will  Oe  identified  as  a 
hazardous  waste  by  the- characteristics  set 
,'orth  in  Subpart  C  ol  this  part  3 

<e>  The  commercial  chemical  prod¬ 
ucts.  manufacturing  chemical  interme¬ 
diates  or  off  spe^'ication  commercial 
chemical  products  or  manufacturing 


chemical  Intermediates  referred  to  n 
paragraphs  <a>  through  (d)  of  this  tee 
tton.  are  identified  as  acute  hazardous 
wastes  <H)  and  are  subject  to  be  •  r> 
small  quantity  exclusion  defined  n 
f  261.**). 

t Comment  for  the  convenience  of  the 
1*1  ed  community  uae  primary  nazarcto-q 
properties  of  these  mstenaU  have  been  ma* 
rated  by  the  letters  T  » Toxicity  r  and  R  He 
activity ).  .Absence  of  a  letter  indicates  T*.*t 
the  compound  only  a  listed  for  acute  toxxt 

tyJ 

These  wastes  and  their  correspond¬ 
ing  CPA  Hazardous  Waste  Humbert 
are: 
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<f>  The  commercial  chemical  prod¬ 
uct*.  manufacturing  chemical  interme¬ 
diates,  or  off-speclflcation  commercial 
chemical  product*  referred  to  in  para- 
graph*  (a)  through  id)  of  this  section, 
are  identified  a*  toxic  wastes  (T) 
unless  otherwise  designated  and  are 
subject  to  the  small  quantity  exclusion 
defined  in  J  281.5  <  a >  and  i  f>. 

(Comment  For  the  convenience  of  'he  regu¬ 
lated  community,  (he  primary  hazardous 
properties  of  these  materials  have  been  indi¬ 
cated  by  the  letters  T  'Toxicity'  R  Reac 
(ivityi.  I  tunitaoiiityi  and  C  -  Corrostv.y  i 
Absence  of  a  letter  indicates  that  he  com 
pound  is  only  listed  for  toxicity  1 

These  wastes  and  their  correspond 
ing  EP-’.  Hazardous  Waste  Numbers 
are: 
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t.'il  U  Dtoea iM  mnwl  chemical  pro4- 
art  a.  off-tteriflrMa#*  «fK»H.  oaUia* »  n» 
dura  Md  <«n(I  rwidaw  ilw»W. 

The  foiiowinc  material*  or  item*  are  h«- 
irdoui  iutn  if  and  »hen  they  are  ducard- 
ed  or  intended  to  be  dtacarded  unless  they 
are  excluded  under  M  260  20  and  260  22  and 
luted  tn  Appendix  IX 
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Method*."  *  SO  Environment*!  Protee 
tlon  Aaency.  Office  of  Solid  Waste.  W a-n 
mcton.  DC  28480  (Come*  m*jr  Be  is 
tuned  from  Solid  Waste  Inform*tion.  V  .< 
Environment*!  Protection  A«ency.  28  M 
St  Clair  St..  Cincinnati.  Ohio  432681 
Liquid  elite  m  pH*  ponds.  Moons.  ird 
umilsr  reservoirs  —  Pond  Simpler  :e- 
scnbed  in  Test  Methods  for  the  Eval-a 
lion  of  Solid  Waste.  Physical,  Chernies, 
Method*"  * 

This  manual  also  contain*  additional  n 
formation  on  application  of  the**  protocol* 
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Appindix  I— RtraxsutTiTivx  Samsung 
M  strop* 

The  method*  and  equipment  used  for 
vampltna  waste  maieriala  will  vary  with  the 
form  and  consistency  of  the  waste  mate  rials 
to  Be  sampled.  Sample*  collected  usw#  the 
sampllns  protocols  listed  Below,  for  jam 
pllna  waste  with  properties  similar  to  the  in 
dlcated  material*,  will  Be  considered  By  the 
Aeency  to  Be  representative  of  the  waste. 

Extremely  viscous  liquid  — ASTM  Standard 
0140-70  Crushed  or  powdered  material— 
ASTM  Standard  0346-75  Soil  or  rock  like 
malrriai-ASTM  Standard  0420-49  Soli- 
like  material-  ASTM  Standard  DI4S2  sS 
Fly  Ash  like  material  — ASTM  Standard 
D2234-76  ASTM  Standards  are  availaole 
from  ASTM.  1916  Race  St..  Philadelphia. 
PA  191031 

Containerised  liquid  wastes—  COUWASA  ' 
IrscriBed  .n  Trjt  Methods  for  the  Eval. 
ut'on  of  Solid  Waste.  Phyncal  Chemical 


ArmuiT  II— EP  Toxtcrrr  Tor 

Proctd  trass 

A.  extinction  Procedure  <  £Pt 

1.  A  representative  sample  of  the  waste  -a 
Be  tested  t  minimum  lot  100  crams  l  shall  oe 
oOtaineJ  uaoio  the  methods  specified  in  Ap¬ 
pendix  1 .  or  any  other  method  capable  if 
yleldtn*  a  representative  sample  within  the 
meanina  of  Part  200  (Por  detailed  cuidance 
on  conduct  In*  the  various  aspect*  of  the  EP 
see  Test  Methods  for  the  Evaluation  of 
Solid  Waste.  Ptiyncwi / Chemical  Methods 

<  Incorporated  by  reference,  see  <  200. 11).  I 

2.  The  samoie  Jhali  Be  separated  into  its 
component  liquid  and  solid  phases  ualna  the 
method  described  In  Separation  Proce¬ 
dure"  Below.  If  the  solid  residue  *  obtained 
asm*  this  method  totals  less  than  d.Vt  ^ 
the  ortetnai  welefit  of  the  waste,  the  residue 
can  Be  discarded  and  the  operator  shall 
treat  the  liquid  phase  as  the  extract  and 
proceed  Immediately  to  Step  8. 

3.  The  solid  material  obtained  from  the 
Separation  Procedure  shall  Be  evaluated  fof 
its  particle  sise  If  the  solid  material  nss  • 
surface  area  per  cram  of  materia!  equal  '.*• 
or  treater  than.  3.1  cm*  or  paases  throuah  a 
9  3  mm  i0.37S  tnehl  standard  «i.*ve.  the  opef 
ator  shall  proceed  to  Step  4.  If  the  surface 
area  a  smaller  or  the  particle  six*  tarter 
than  specified  above,  the  solid  material 
lhail  Be  prepared  for  extraction  By  crush 
In*,  cutttnt  or  (rmdtn«  the  material  so  t  bsi 


•These  methods  are  also  described 
Samplers  and  Sampllns  Procedures 
Hazardous  Waste  Streams."  EPA  600  2  s®- 
01*.  ,1  snusry  1980 

•The  percent  wilds  Is  determined^-’ 
drym*  the  filler  pad  at  80'C  until  it  reach 
constant  wri*ht  snd  then  caicutatin*  r 
percent  solids  usinc  the  followma  edust  — n 
P»r-ent  solids  r 
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I  through  a  #5  nun  <0  37*  1™:h  1  *le** 
PffTJ,,  material  Is  in  a  Uncle  piece,  by 
<  «  "he  materiel  to  tlie  "Structural 
►T’’  .  procedure"  described  below 

.oiid  msterial  obtained  In  8tep  3 
TH  wetfbed  and  placed  in  an  extractor 
V«-:  its  weight  of  deionized  water. 

"■*  '*  Xw  the  material  to  dry  prior  to 
*  "1.  For  purpoae*  of  this  test,  an  sc- 
extractor  Is  one  which  will  Impart 
citation  to  the  mixture  to  not 
‘••"'  Jlvem  stratification  of  the  sample 
extract^"  fluid  but  also  Insure  that  all 
•r*  '‘“Jurface*  are  continuously  brought 
*JPoantact  with  well  mixed  extraction 

Rafter  the  solid  msterial  and  deionised 
J,  ,  art  Disced  in  the  extractor,  the  opera- 
*T? serin  agitation  and  measure  the 
“2  A  * “«on  to  the  extroctor.  H  the 
»M  Jilt*,  than  5.0.  the  pH  of  the  soiu- 
r?  d«««d  to  5.0  x  0.J  by 

oj"  '  o  s  h  acetic  acid.  11  the  pH  la  equal 
^l^thanTo.  no  acetic  arid  should  be 
ulLa  The  pH  of  the  solution  shall  be  raon- 
ud^cribed  below,  during  the  course 
attraction  and  II  the  pH  rises  abo*e 
it ^  5K  acetic  arid  shall  be  added  to  bring 
»£  pH  d£n  to  5.0  X  0.X  However.  In  no 
SL?  .nail  uie  aggregate  amount  of  arid 
I21d  potJhe  solution  exceed  4  ml  of  arid 
TTfru*  of  soUd.  The  mixture  shall  be  Ml- 
fTrdlor  34  hours  and  maintained  at  20  - 
during  this  time.  It  is  ree- 
Ixoended  that  the  otwrator  oonMor  and 
the  pH  during  the  course  oftiw i  ex- 
(rtrtion  With  s  derice  such  as  the  Type  45-A 
Controller  manufactured  by  Chemtrtx. 
T  Hillsboro.  Oregon  91133  or  Os  equlva- 
ir-  in  conjunction  with  a  metering  pump 
TJ  reservoir  of  0.SN  acetic  arid.  If  such  a 
$'TZ  not  available,  the  following 
,-ual  procedure  shall  be  employed; 

A  pH  meter  shall  be  calibrated  In  «c- 


r; 


»  A  |in  uixtvcs  “  — -  .  .. _ 

o-dance  with  the  manufacturer  s  specifics- 
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the  extractor  In  an  amount  determined  by 
the  following  equation: 

V-(20XW)-19(W>-A 
V-ml  deionized  water  to  be  added 
W»  weight  In  grams  of  solid  charged  to  ex¬ 
tractor 

A- ml  of  0.5N  acetic  arid  added  during  ex¬ 
traction 

1.  The  material  In  the  extractor  shall  be 
separated  Into  Its  component  llautd  and 
solid  phases  as  described  under  "Separation 
Procedure." 

g.  The  liquids  resulting  from  Steps  2  and  7 
shall  be  combined.  This  combined  liquid  (or 
the  waste  Itself  If  It  has  lest  than  *  percent 
solids.  M  noted  in  step  2)  la  the  extract  and 
shall  be  analysed  for  the  presence  of  any  of 
the  contaminants  specified  In  Table  I  of 
1 261  ?4  using  the  Analytical  Procedures 
designated  below. 

Separation  Procedure 

Equipment;  A  filter  holder,  designed  for 
filtration  media  having  a  nominal  pore  size 
of  0  45  micrometers  and  capable  of  applying 
a  5  3  kg/cm*  (75  P«l>  hydrostatic  pressure  to 
the  solution  being  filtered,  shall  be  used, 
por  mixtures  containing  nonaPaorptive 
solids,  where  separation  can  be  effected 
without  imposing  a  SJ  kg/ens*  pressure  dll- 
ferentlsj.  rscuum  filters  employing  s  0.45 
micrometers  filter  media  can  be  used.  (For 
further  guidance  on  filtration  equipment  or 
procedures  see  "Test  Methods  for  Evaluat¬ 
ing  Solid  Waste.  Physical/Chemical  Meth¬ 
ods"  Incorporated  by  reference,  see 
|  250.11).  Procedure;1 

(I)  Following  manufacturer’s  directions, 
the  filter  unit  shall  be  assembled  with  a 
filler  bed  consisting  of  a  0.45  micrometer 
filter  membrane.  For  difficult  or  slow  to 
filter  mixtures  a  prefllter  bed  consisting  of 
the  following  premiers  in  increasing  pore 
size  <0.65  micrometer  membrane,  fine  glass 


.  b  The  pH  of  the  solution  shall  be 
eherktd  and.  If  necessary.  0.SN  acetic  acid 
o-.m  be  manually  added  to  the  extractor 
j jr.;:,  the  pH  reachex  5.0  x  0  2.  The  pH  of 
t-.'  solution  shall  be  adjusted  it  15.  30  and 
ik  minute  intervals,  moving  to  the  next 
ior  j er  interval  If  the  pH  does  not  have  to  be 
an:— sled  more  than  0.5N  pH  units. 

■  r  The  adjustment  procedure  shall  be 
m-  I'.nued  for  at  least  6  hours. 

d  If  ar  the  end  of  the  24-hour  extraction 
p»-  .d  the  pH  of  the  solution  Is  not  below 
jj  :  x.-.d  the  maximum  amount  of  acid  <4  ml 
;pe *  iram  of  solidsi  has  not  been  added,  the 
i;H  i*-.ali  be  adjusted  to  5.0  x  0.2  and  the  ex- 
on  continued  for  an  additional  four 
i e  *•  during  which  the  pH  shall  be  adjust- 
j-  *■  "Tie  hour  Intervals 

'  A’  the  end  of  the  24  hour  extraction 
p»-  d  deionized  water  shall  be  added  to 


’This  procedure  ti  intended  to  result  In 
separation  of  the  ’free'  liquid  portion  of 
the  waste  from  any  solid  matter  having  a 
particle  size  >0  45  em.  II  the  sample  will 
not  filter,  various  other  separation  tech¬ 
niques  can  be  used  to  aid  In  the  filtration 
As  described  above,  pressure  filtration  is 
employed  to  speed  up  the  filtration  process 
This  does  not  alter  the  nature  of  the  separa¬ 
tion  If  liquid  does  not  separate  duting  fil¬ 
tration.  the  waste  can  be  centrifuged  If  sep 
aratlon  occurs  during  centrifugation,  the 
liquid  portion  icentrlfugatei  is  tillered 
through  the  C.4S  um  filter  prior  to  becoming 
mixed  with  the  liquid  portion  of  the  waste 
obtained  from  the  initial  nitration.  Any  ma¬ 
terial  that  will  not  pass  through  the  filter 
after  centrifugation  is  considered  a  solid 
and  Is  extracted. 
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fiber  prefllter.  and  coarse  «!»*■  flb*r 

filter)  can  be  used.  _  ... 

(ID  The  out*  shall  be  poured  Into  the  fil¬ 
tration  unit. 

ill!)  The  reservoir  shall  be  slowly  pr*“'K' 
ized  until  liquid  beams  to  flew  from  the  fil¬ 
trate  outlet  at  which  point  the  pressure  In 
the  filter  shall  be  Immediately  lowered  to 
10-15  psif.  Filtration  shall  be  continued 
until  liquid  flow  ceases. 

(I*)  The  pressure  shall  be  increased  step- 
vim  in  10  prt  increment!  to  75  ptl«  *nd  ni¬ 
tration  continued  until  flow  eea»e«  or  ih* 
prftturlxlni  iu  befln*  to  exit  from  the  ill- 

irate  outlet.  _ 

(v)  The  filter  unit  shall  be  depressurised, 
the  solid  material  removed  and  wetfhed  and 
then  transferred  to  th.  extraction  lOP*™- 
tus  or  in  the  case  of  final  filtration  prior  to 
analysis,  discarded.  Do  not  allow  the  materi¬ 
al  retained  on  the  filter  pad  to  dry  prior  to 

welchln*.  .  . 

(v\)  The  liquid  pheee  be  stored  at  4  C 
for  subsequent  u*  in  Step  5. 

a  Structural  IntevrUv  Procedure 

Equipment;  A  Structural  Integrity  Tester 
having  a  3.18  cm  (1.33  In.)  diameter  hammer 
weighing  0.33  kg  <0.73  lbs.)  and  having  a 
free  fail  of  13.20  cm  <«  In.)  shall  be  used. 
Thli  device  Ifl  available  from  Associated 
Design  and  Manufacturing  Company.  Alex¬ 
andria.  VA  22314.  as  Part  No.  123.  or  It  may 
be  fabricated  to  meet  the  specifications 
shown  In  Figure  1. 
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Procedure 

1  mhe  sample  holder  shall  be  filled  with 
the  material  to  be  tested.  If  the  sample  of 
wotc  is  a  targe  monolithic  block,  s  portion 
shall  be  cut  from  the  block  having  the  31 
menstona  of  a  3.3  cm  <1.3  in.)  diameter  s  l 
STfST us.)  cylinder.  For  a  fixated  waste, 
samples  may  be  cast  in  the  form  of  a  3.3  rm 
(1  3  In.)  diameter  x  7.1  cm  <2.8  In.)  cylinder 
for  purposes  of  conducting  this  test,  in  such 
cases,  the  waste  may  be  allowed  to  cure  for 
30  days  prior  to  further  testing. 

2.  The  sample  holder  shall  be  placed  Into 
the  Structural  Integrity  Tester,  then  the 
hammer  shall  be  railed  to  It*  maximum 
height  and  dropped.  This  shall  be  repeated 

H  3l.*The1material  shall  be  removed  from  the 
sample  holder,  weighed,  and  transferred  J> 
the  extraction  apparatus  for  extraction. 

Analyftcul  Procedures  /Or  Analyzing  Extract 
Contaminant* 

The  test  methods  for  analysing  the  e«- 
tract  are  aa  follows:  , 

1  For  arsenic,  barium,  cadmium,  chroml 
um.  lead,  mercury,  selenium,  silveriendrin. 
lindane,  methoxychlor.  to*«>h*ne.  - 
D(2.4-dlchlorophenoxyacetlc  scldl  or  r.’-' 

TP  12.4.3-trlchlorophenoxyproplonlc  *f> 

•Test  Method,  for  the  .? 

Waste.  Physical/Chemical  Methods  Unco 

porated  by  reference.  see  %  2«0.U )- 

For^iui^analyses.  the  methods  of 
addition  shall  be  used  for  quantification 
species  coneentratloo. 
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•ELASTOMERIC  SAM»U  HOLDER  FABRICATED  OF 
MATERIAL  FIRM  ENOUGH  TO  SUPPORT  THE  sample 

Figure  1 

COMPACTION  TESTER 

’  Ma*  19  1980  aj  imrndrd  »t  48  FR  35247.  Jul>  7.  1981) 
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AFTTtTDlX  111— CHEMICAL  ANALYSIS 
TlST  MrTHODS 


Tables  1,  2.  and  3  specify  the  aporoprtAte 
analytical  procedures,  described  in  Test 
Methods  for  Evaluating  Solid  Waste,  Physi¬ 
cal/Chemical  Methods,"  (Incorporated  by 
reference,  see  I  260.11)  which  shall  be  used 
to  determine  whether  a  sample  contains  a 
given  Appendix  VII  or  VIII  toxic  constitu¬ 
ent. 

Table  1  identifies  each  Appendix  VII  or 
VIII  organic  constituent  along  with  the  ap¬ 
proved  measurement  method.  Table  2  Iden¬ 
tifies  the  corresponding  methods  for  inor¬ 
ganic  species.  Table  3  summarizes  the  con¬ 
tents  of  SW-8S6  and  supplies  specific  sec¬ 
tion  and  method  numbers  for  sampling  and 
analysis  methods. 

Prior  to  final  sampling  and  analysis 
method  selection  the  analyst  should  consult 
the  specific  section  or  method  described  In 
3W-8AS  for  additional  guidance  on  which  of 
the  approved  methods  should  be  employed 
for  a  specific  sample  analysis  situation. 


Tabu  1—  Analysis  Methods  rcm  bnoAhtc 
Chemicals  Contained  in  SW-844 


Compound 

FVt*  tdnon 
m*4h«5d<** 

J  Second 

1  •drtion 

j  m«nod<»» 

8  03,  8  24 

8  03,  8  24 

8  01.  8  24  i 
j  8  03.  8  24 

,  8  02.  8  24 

1  8030.  824Q 
!  8030.  8240 

1  8013.  8240 

1  8030.  8240 

1  8020.  8024 

. 

B«nt<«)«r<nrac«n* . 

8.10.  8  23  1 

1  8100.  8230. 
8310 

. j 

8  10,  8  23 

I  8100  8230. 

8310 

8.12,  8  23  | 
8  01  8  12.  ; 

j  8120.  8230 

3*t iy  cf*ond»  . ! 

1 

a  2*.  a  25  i 

8120.  8230 

S«nzcxb)Auo«ntn«n«  . j 

a  io.  a  25  1 

8100.  8230. 

j 

1 

8310 

801.  824  I 

8010.  8240 

»6<;-crdoro#civ>Wft<r  . 

2  <fdorot*oeropf0«<>w  ..  .  , 

801  8  24  l 
801  8  24  i 

8010.  8240 
8010.  8240 

CddtJOrt  c*«u*cM  . 

8  01.  8  24  i 

8013.  8240 

Cdrtxm  ttfcr+orim  . .  .  ,.| 

801.  8  24  i 

8010.  8240 

CNoroan* 

8  08.  8  23  1 

9080.  8230 

CMor>r\*t«d  itfignyli  . j 

8  08  8  23  i 

8080  8230 

CNonr«t«d  dtfMnr>-<M»owri« 

9280 

O*0nn*i*d  <M«nto*ir«n* 

8280 

801  824  i 

9010.  9240 

CWoroeawrff  . 

8  01  9  02.  : 

824 

9020  8240 

CMtarrtQgm 

801  824  1 

8010.  9240 

CNQ«*rHrt n«o« 

801  8  24 

8010  8240 

2 -0*<y  o<y^r>ol 

8  04.  8  23  i 

9040  9230 

ClVy-MfMI 

8  10.  8  n  ; 

8100  9250 
83:0 

O*y*o*m  *  .  | 

8  10.  8  23  ’ 

8*00.  9230 

C'***0*<H 

8  04  9  23 

8040  0230 

‘•>#0y*e  *ddHI 

8  04  8  23 

9040  9250 

40  JW  Ch.  I  (7-1-65  Edition) 

Table  1— Analysis  Metmoos  fob  Organic 
Chemicals  Contained  in  SW-346— Contin¬ 
ued 


Compound 

,  Pn»  «Mo« 

|  mm hoot* 

j  Second 

1  •OrtKXt 

|  m« r»*«i 

OvSWXObWUWHlN 

» 

8.01.  8.02. 

1 

i 

812.  123 

8010.  0120. 

8230 

OcMorottfttn**) . 

8.01.  8-24 

8010,  8240 

&cmoropnonoxy8ov8c  sod . 

84a  823 

8130.  8230 

8.12  823 

0120,  8230 

8  Oa  •  23 

8000.  8230 

2.4-Oinrtrt)4o<u»no  . . 

909.  823 

8090.  8230 

ErxJrwi  . . . . . 

8  04.  8  23 

8080.  8230 

8  24 

8011  8240 

*8*«cn»oro8utoc**n« . 

8  12  8  23 

•120.  8230 

3  08.  8  23  i 

8000.  8230 

8  01.  8  24 

8010.  8240 

i,a  art '■  x  i  rrt 

8230 

umn*  t kmionm....- . 

8.01.  8  02 

824 

•Oil  0240 

801.  802 

824 

8011  8210 

8.10,  823 

823 

8000.  8230 

108.  823 

8000.  8230 

8.04,  823  1 

8040.  8240 

Partttonyt*  imrw  o 1  imtf- 

Pvntacoioroootnol  . . 

8  04,  1.23  1 

*040.  8230 

PNwy*  . 

a  «.  a  a  i 

•040.  8250 

. 

822 

8140 

Ptyxcoorocwnoe  «od  mn  . ... 

to*,  aot.  j 

8.22  | 

0140 

P*iti*4e  anwyortdo  . 

8  08.  SOf.  ! 

*23 : 

8000.  8230 

823 

8090.  8230 

***** . ! 

8  08.  8  08.  1 

j 

•  23  1 

8090  9230 

T’»»mcfdoroe<nny»im| . 

a  It.  a  35  i 

8120.  8230 

T<t>ci*yo«n«n6iii  . ] 

801.  824  ; 

8010.  02*0 

. . 

8  01.  8  24  i 

8010.  9240 

9  04  8  24 

8040.  0250 

To <*om  .  j 

8  02.  8  24  ! 

8020.  9024 

To .... 

8  25  1 

8230 

To*u«n*  c**oey*n«twa)  . 

8  08.  S  23  1 

8230 

To*«on«n*i 

8  08.  8  23  i 

8000.  0230 

T  rtcn*oro*m*n8 

801.  824  ' 

0010.  0240 

TrtcmorrxtfN<n«t|  • 

0  01  8  24  , 

8010  0240 

T  'v:Morc^Sjorom«86n* 

§01  8  24 

8010  9240 

T  ncMofOOTtinoi  (5 1 

9  04  8  23 

8040  9230 

2.4  3-Trtcmoroo^*nopr  fl’oo*on- 

<  «cxj 

8  40  8  23  i 

0130.  8230 

Tr<fM<yooroo4n<ii  .  1 

9  01  8  24  \ 

8010  8240 

Vinyl  chtonOd 

8  01.  9  24 

8010  9240 

VmytsO>no  cfttondi 

90V  ^4  , 

8010  8240 

XyUn# 

8  02.  9  24 

8020  9240 
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T A8LE  2— Analysis  Metmoos  fob  InobganiC 
Chemicals  Contained  in  SW-846— Conon- 
u«d 


F*0t  •drtoOrt 
l"Otf*)d1*> 


F<«»  Odd*** 

mo«fvxX«) 


•I  •  154 

.18.549.  8  546. 


8  50  7040.  7041 

8  St  {  7080.  root 
8  52  |  7000.  7081 
8  S3  i  7090.  7091 
9.54  7190.  7191 

548.  I  7198.  7198. 


Tout  Organ*  Motoqon 

So*600 . . . ... 


Second 

•OrttOrt 

momodtt) 

7197 
7420  7421 
7470.  7471 
7520  7521 
7740.  7741 
7780.  7781 
9010 
9020 
9030 


T  ible  3 — Sampling  ano  Analysis  Metmoos  Contained  in  SW-846 


SacHort  |  Motfod  Socnon  Momod 
NO  No  I  No.  i  Mo 


-  SC-1  *MtH 

m  4~+r-  O*  Aooroo^oto  Sorting  *0*0 
y>  So^trt*  0t*oci»voo 

14»  St4t»ocoi  Concocw . 

!•«  Su»iflc4  SW*9N . . 

«•*<»**  Sortxitesg . 

StaoMd  «**•»»"  S*ffC*rg  . 

Syi  s^k  «onOOrt»  Somc*rvj 


5jOM^<g  . — . 

Col*  trtd  1.004  Function*  . 

.rwfil'Ky' 

SMB  •■■v  o'  S4rtso*ng  Equemonf 
>r*w*»4  c<Md  *«•*•  Sampor 

op-gntod  Boffo  . . 

»c~  . 


A***  . 

Scooo  #*d  Sho*oi 

5»n.i<xt  O'  S4mol4  CotuAmor* 
n-*p***g  and  Slorwgo  of  S«ffXXl 
o'  Cho*n  o<  Cu«ody 
Sm“X>*  l*oo*o 

krxrt  Soo<i  . 


>*-  o'  Custody  woeord 
W~r-  *n*pyo*o  Poouoot  Shoot 
Sa“,-»*  0#*'v#*N  10  LaOOr*t©rv 
V*>c*ng  0*  Sarntxo* 

#*•  J*vj  hogging  ot  Sort>o*o 
*•*«.  -O'"  0'  SomON  lor  A/>«fy** 
-r»>,  M*tv»dotog> 


4W» 

a  wj  Lagoorvs 
f  ••  *4io**  e»ocodvxoo 
**  "  o'  •’•o/ardou*  Ami* 
v>  *:•  *. 

p*~>*  Manpn^  CVoood-CuO  Mot*od 
So:a'-«V‘  ^S*  CjO  Mo«V*J 


•  ■  'mow*,  Toward  St««i 
I  »•  a  O»X00ur«  70f*.,ty 


fftta 


p^at 


Saction 

No. 


Extraction  Procadura  Toxicity  T#*| 

Mamod  and  Sto»ctur*  'magnfy  t*** 

Sam<Xa  A  or*  up  Tacrimouaa . 

iror^amc  Tattftmquaa .  . 

Aod  Oqaation  for  Pama  AAS 
Aci 0  Owjaabon  'or  Pumaca  A AS 
AckJ  Oqaaoon  of  O.  Gratia.  or  Wu 
OiMOAjM*  ProcOdur*  'Of  O.  GrtAM  Of  *41 

Aihafana  Option  .  . 

Organic  Tacnmquaa  . 

Saoaratory  Pur***  Ux-d-Oomd  Extraction  . 

Contmuoo*  Uju*M>»yd  Enracuon 
Aod-04441  Claanuo  Extraction 
‘>o«nta«  Exvaction 

Somcabon  Extraction . 

Sampta  introduction  Tacftmquaa  . 

Haadapaca  .  . 

Pty  9a- and- Trap  . 

;nonjamc  Anatyticat  Matnoda  . 

Antimony.  Pama  AAS  .  .  .  .  ... 

Antimony.  Pumaca  AAS  . 

a name.  P'ama  A>5  . 

Anarac.  Pumaca  AAS . 

9anum.  Pama  AAS  . . 

Banum.  Pumaca  AAS  . 

Cadmium.  Pama  AAS .  . 

Cadmayn.  Pumaca  AAS  . 

Oromium.  Pama  AAS  ...... 

CN-omaim.  Pumaca  AAS  .  . 

CNomayn.  Ma*avatant.  Copracodbon . 

'  CN-omajm  Mavavaiant.  Cotonmatnc 
Oromayn.  Ha*  avatar*.  Ctiataoon 

uaad.  P  -ma  AAS  . 

laad.  P-ynaca  AAS 

Marcury.  Co*d  Vapor.  utMd . 

Marcuy.  Co*d  Vapor.  So** . .. . 

Nckai.  Pama  AAS  .! . 

■NcAat.  Pumaca  AAS . 

Satamyn.  Pama  A AS 

Saiaomm  Gaaaoua  Hypnoa  AAS.  ..  . 

SJvar.  P'ama  AAS 

>*var  P<yn^.a  nAS  . ,  . 

Cfgamc  Analytical  Mamod* 

3*»  C^omnoqraoric  Matrices 
■^atoqanatad  vo'afi'a  Organic* 

Nonnaiooanatad  votatiia  Ogamet 
Aromatic  vciaiiia  Crqamci 
Acroiam.  Acryiomtma  Acttooitma 
p^anota 

P*maia'a  Eitara 

Orqanocmon-a  PaaocKiaa  and  <*Cr  a 
N.troaromatici  and  Cvc'k:  *atona» 

Dotynuciaa#  Aromatic  -*vdrocartJona 
CMonnatad  *-*yococar^on» 

Crqanoonoionoru*  ^aatioda* 

Chionnatad  Mam<idaa 

Gaa  Criromatoqtaot^c  Ma»a  Soactrosccoy  Mamoo*  iGC-MSl 
GO  MS  V  0< 

GC/  MS  Sami  v  o' a  tilt*.  3*c*ad  Co'umn 
G't  MS  5*m«.voia!i'a»  CaO"'arv 

j«  '.*tor  'W-tO  C-Oi-n*  2  any 

Pynorm«nca  L.qtyd  CNomatoqraomc  Mamodi  . “,0,,Cl 
PwnijCiear  *v,mi»tic  rsdrccarso** 

M'v;ai*anaou»  Analytical  Mamoot 

"ranoa  *atai  an<j  Ar->«nac<a  '0  Cr*'0nnanon 

"o»at  Organic  -dioqan  irOxi 

SuiMa* 

jH  Maayuramant 


7.1.  7  2.-5 

74 

5  49 


J  4S-S 
•.4*? 

.  *° 
90 
90 

...»  9  0 

§0 

90 

. i  90 

90 

90 

90 

90 

90 

.  ...,  9  0 

90 

...  I  9.0 

j  90 

....i  9  0 

. ,  9  0 

9  0  , 
90 
90 
90 
9  0 


90  t 
9.0 

90 

90 
9  0 
8  0 
9  0 
80 
90 
9  9 
90 
90 
80 
90 
90  | 
90 
80 
9  0 
9  0 
90 
90 
90 
90 
i  0 
90 

9  0 
90 
90 
9  0 
80 
9  0 
5  0 
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Table  3 — Sampling  ano  Analysis  Wet  moos  Contained  in  SW-d45 — Continued 


4  fH  15257.  Apr.  S.  1983.  as  amended  at  50  FR  2000.  Jan.  14.  19851 


P*H  «Mon 

Second  adMon 

TWo 

SMo°° 

Ma*od 

NO 

Sarton  I  Mamod 
NO  No 

“ 

10.0 

m.l . : 

102  1  . 

10.3  !.  . 

10  4  j . 

10.3  1 . 

1 

'  . 

. 

/ 

10.0 

.  .. 

V  * 

v.*  % 

'JTrtwdfle  matol. 

i 


preen V*  DAT*  Nutt  At  50  FR  2000.  Jan. 
4  1985.  Fart  281.  App.  Ill  was  amended  aa 
^jo«  In  Table  l.  the  entry  (or  "Chiorln- 
^  dlbenzodloxlna”  waa  removed,  and  the 
,;ria  for  "Chlorinated  dlbenzo-p-dloxins. 
^4  Chlorinated  dtbenzofurans"  were  added. 
~  Table  3.  the  entry  for  "Analysis  of  Chlor- 
sied  Dioxins  and  Dtbenzofurans"  waa 
^jrd  under  "Organic  Analytical  Methods— 
Ciromatographlc/Maaa  Spectroscopy 
ardiods  (GC/MS)"  after  the  entry  "OC/ 
as  Seml-VolatUes.  Capillary".  These 
m endmenu  are  effective  July  15.  1985.  For 
^  convenience  of  the  user,  the  superseded 
joitt  from  Table  1  la  set  out  below; 


-ul£  i— Analytical  Methods  fo«  OndANtc 
Chemicals  Contained  in  SW-846 

Compound 

P**t  Saoon* 

atMon  anon 

nwtnod(a»  ma«vad<i1 

.*am*i*d  cJ>oanrod>owT* 

9  00.  8  25  0000.  9250 

Appendix  IV— [Reserved  roR 
Radioactive  Waste  Test  Methods] 

Appendix  V— [Reserved  tor  Intec - 
tiocs  Waste  Treatment  Specitica- 
tions] 

Appendix  VI— (Reserved  roR 
Etiologic  Agents] 


Appendix  VII— Basis  for  Listing 
Hazardous  Waste 


EPA 

htzan* 


RJOi ... 

P002... 


P0C3 . 

P006 . .! 

POOS . j 

root . ! 


T *r»ct*cjrrM*i ftm  m.  cf*onom  incrHx- 

omVr,tmn.  cmrso*  war*. 

cMnnda.  chionnfd  +*a*xatoam. 
Tmwettomtmftrnm.  mmm ytano  c*«and«  rera or- 
o**»y6 *n*.  i.i.i-ncfNoroo'rttno.  (MiftXMnitni. 
1.l.2-**s*onvi.2^-«n*joroooidno.  onxMv 


Tofcjano,  irwtfv  •trty'  hmanm  cmtior  ««#«• 
•OOmonol.  Vyr&n* 

Codrmim.  Nmmm  rmmurn  n c*«  oyorpda 

(COTOttMd) 


P00T  .  Cyonrta 

P00« . j  Cy«n-da  (aaftst 

P00f  . j  Cyan**  (tonal 

P010  . !  Cyorado  (MM) 

Poll  Cvarvda  (torai 

P012  .  .  Cyar*do  {co"vm—d) 

P019  ,  cnrofTNorti.  cvwsnM  <como*oiod1 

P020 .  Ttara-  and  o^t*cft»orr*»*«ro-p**o*»ng  *w« 


I  and  pon'ocf*ro»'0«n2o#urana  trv  *ms 


i  and  turn  cn«Ofoon«n3rv  q» 


aod 


p^« 

no*acn*d»ot*©onro*vra<n.  oontocn»o»o- 

J  ti  o*nvatiw«« 

*022  Taira-.  p omo-  mfl  na«acn*orod*on*t>f><*o*«r*J 

totra-.  ponta-  and  na**ct*orot*co«totur*n5 
*023  T*»r*-.  «nd  pon<ocn*onx*bo«uo.p^>oWYt  t«ty«. 

and  o*macft*orod®anrjnxan5.  tn-  tnd  tatra 
m*woonano»«  and  cn*oroon*oory  <***,*. 
t»v«  ac>o»  aatars  amor*.  *****  and  oin*  aaita 
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lnaiflM— trtml  Protection  A  fancy 


(44  rR  4414.  Jan.  14.  1941.  u  amended  at  44 
fR  21477.  May  20.  1941:  49  PH  5312.  Peb. 
10.  1944:  50  PR  2000.  Jan.  14.  19431 
Dnenn  D»n  Horn  At  50  PR  2000.  Jan. 
14.  1948.  Part  241.  Apt)  VI 1  >u  amended  by 
addin#  the  entriea  for  P020  through  P023. 
and  P024  Uirouah  P02*.  tffeetlTe  July  13. 
1943. 

Armrorx  Vin— Hazakooto 
Coyrnmim 

Acetonitrile  itthanenttnlel 
Acetophenone  (Ethanone.  1-phenyt) 

3- <  alpha- Aeetonylbenzyl  K4- 
hydroxycoumartn  and  salt*  i  Warfarin) 

2  Acetyiamlnofluorene  i  Acetamide.  f*-(9H- 
fluoren-2  ylM 

Acetyl  chloride  (Ethanoyl  chloride  i 
l-Acetyl-2-thk>urea  i  Acetamide.  N-(  amln- 
othioxoraethyl)-  > 

Acroletn  (2-PropenaJi 
Acrylamide  '2-Propenamldei 
Acrylonitrile  i2-Propen«nltr11ei 
Anatoxin* 

AJdrln  <l.2.3.4.10.10-Hexachloro- 

1.4.4*.5,8.8a.8b-hexahydro-endo.exo- 
1.4  3.8-  Dtmethanonaphthaiene  > 

Allyl  alcohol  1 3  Propen- 1  ol  i 
Aluminum  phoapnide 

4-  Aminooiphenyl  111  BlphenyU-4-amlne' 

6- Afmno- 1.1  a.  2  a.Sa.Sb-hexahydro  8- 

•  hydroxymethyl  >  -Sa  methoxy  5-methyl 
carbamate  *unnol2  .3  3  4)pyrrolo(1.2 
i]mdole-4,7-dione.  'ester1  'Mitomycin  C> 
Azirtno(2  3  2.4)pyrrolo<  1.2  t  indole  4.7 
dione.  8-amino  81"  amino- 

carbonyl loxyimethyll  1,1a. 2.8  Sa.Sb 
hexahydro-8an.etlioxy-Smethy  ■ 

5- '  Armnomethyli-3-izoxaxolol  '3<2H  i  Isoxa 
toione.  3-i  amlnomethyl  >*»  4  Aminopyri 
dine  1 4  Pyndinaminr  - 

Amitrole  '  1H -  1.7.4-Triazol  3  amine- 


Aniline  •  Benzenamtnei 
Antimony  and  compound*,  ft  0  3  * 

Armmlte  iSulfuroua  acid.  2-chloroethyl-.  2 
14-<  l.l-dtmethylethyDphenoxyM- 
methylethyl  ester) 

Arsenic  and  compound*  N  O  S  * 

Arsenic  acid  lOrthoaraenlc  acid) 

Arsenic  oentoxtde  < Arsenic  iV>  oxide i 
Arsenic  trtoxtde  i  Arsenic  (III)  oxidei 
Aurxmlne  (Benaenamine.  4  4 

earbonimidoylbtalN.NDtmethyl-.  mono- 
hydrochloride ) 

Arsaerine  <L-Sertne.  diaaoacetate  ( extern 
Barium  and  compound*  N  0  3” 

Barium  cyanide 

Benxfclacrtdlne  (3.4-Benxacridlne) 
Benxlalantnrocene  ( 1.2-Benxanthrsrene ) 
Benxene  (Cyclohexaulene) 

Benzenearsonle  add  ( Arson ic  acid,  phenyl-) 
Bensene.  dlcMoromethyl-  iBenxal  chloride) 
Bensenethlol  (Thlophenoli 
Benzidine  (Il.l'-Blphenyl)-4.4'dtamtnel 
Benxo(b) fluoranthene  (2.3- Benzofluoranth¬ 
ene: 

Benzol  J)  fluoranthene  (7. 4- Benzofluoranth¬ 
ene' 

Benzol  a  Ipyrene  (3. 4*  Benzopyrene) 
p-  Bertzoqulnotne  ( 1.4-Cydohexadienedlone  I 
Benzotrtchlortde  (Benzene,  tnchioromethyl- 

) 

Benzyl  chloride  (Benzene.  ( chloromethy I )- 1 
Beryllium  and  com  pound*  N  03' 
Btata-chlorocthoxy methane  (Ethane.  1.1- 
meth  y  lenebiat  oxy  tlbial  2-ch  loro- 1 ) 

Blzt  2-chloroethyl)  ether  'Ethane.  1.1 
oxybiai  2-chJoro- 1 ) 

M.N-Blw  2  chloroethyl  >-2-naphthy famine 
( Chlomaphadne  > 

Bla(2-chloroi*opropyl)  ether  'Propane.  2.2 
oxybt*l2-chloro-l) 

Blatchloromethyl)  ether  i  Methane, 
oxyblalchioro-l) 

But 2  ethylhexyl)  phthaiale  ( 1.2  Benxenedl- 
carboxylic  acid.  bia(2  ethylhexyl i  ester' 
Bromoacetone  ( 2  Propanone  1  bromo-  * 
Bromomethane  (Methyl  bromide* 
4-Bromophenyl  phenyl  ether  'Benzene  1 
bromo.4  phenoxy- 

Brucine  'Strychnidin-10-one  2.3-dimethoxy 

i 

2  BuLanone  peroxide  'Methyl  ethyl  Srtone 
peroxide' 

Butyl  benzyl  phthaiate  •  1.2  Benzenedicar 
boxylic  acid,  butyl  phenylmethyl  ester' 
2-sec  Butyl  4.8-dlmtrophenol  ONBP’ 

'  Phenol  2.4-dlnitro  8  *  I  methy  loropyl '  > 
Cadmium  and  con  pounds.  NOS' 

Calcium  chroma"  Chromic  arid  -atrium 
salt  i 

Calcium  cyanide 

•The  appreciation  NOS  not  others  se 
specilied '  sicnilies  those  members  ol  (he 
seneral  class  not  specifics!!)  '.Lsied  b)  name 
in  this  appendix. 
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Carton  diaulf  tde  <  Carton  Dteulflde ) 

Carton  oayfluoeide  1  Carbonyl  fluoride) 
Chloral  •  Acetaldehyde.  inehloro-  > 
Chlorambucil  1  Bulanov  add.  4-«bt»2 
chloroethyl  nmuwlbmuw-  i 
Chlordane  'alpha  and  ramma  noowm  '4.7- 
Mr'  hanotndan.  1. 2.4.3. 4.7. ».4-octacnioro 

3.4.7. 7a- ’.etnahydro-i  i  alpha  and  <amma 
jorntn ) 

Chlorinated  benienea.  N  04." 

Chlorinated  ethane.  KOI' 

Chlorinated  fluorocartona.  KOI' 
Chlorinated  naphthalene.  N  0  8  * 
Chlorinated  phenol.  N  04.* 
Chloroacetaldehyde  i  Acetaldehyde,  chloro-i 
Chloroaiayl  ether*  N  04.* 
p-Chtoroamllne  >  Benamamine.  4-ehloro 1 
ChloroOenaene  i  Benaene.  chloro 1 
Chlorooenztlate  i  Benaeneacrtic  acid.  4- 
chloro- alpha-4  4-ehioroohenyl  >- alpha- 
hydroay-  ethyl  rater) 

3  Chlorol.  1-Outadlene  '  chioroprme  I 
pChlorom-crexol  <  Phenol.  4 -chloro  3- 
methyl! 

I  Chloro  2.3-eposypropane  <  Oalrmne.  3- 
‘  chioromethyli- 1 

2- Chloroethyl  dnyl  ether  (Ethene.  <2-chlor- 
oethoxy  t 1 

Chloroform  <  Methane,  Udchioro  i 
Chloromethane  Methyl  chloride  i 
Chlorooethyl  methyl  ether  'Methane, 
chioromethoxy- 1 

3- Chloronaohthalethr  'Naphthalene  Seta- 
ch.oro  i 

3  Chloroohenol '  phenol,  o-chloro-  > 
IroChlorophenyl  thiourea  (Thiourea.  '3- 
chloroohenylt- 1 

3-Chloroprooene  '  allyt  chloride  I 
l-Chloroprop«anitnie  ( Propanenltrlle.  j. 
chloro  i 

Chromium  and  compounda.  N  04.' 

Chryaene  '  l.2-Benxphen*nthr*ne> 

Cltrua  red  No  2  '2-Naphthol.  t-{c  3.4- 
dlmethoxyvhenytmael-  > 

Coal  tan 
Coooer  cyanide 
Crroeote  Creoeote.  wood) 

Crmou  i  Creayllc  acid)  'Phenol,  methyl-’ 
Crotonaldehyde  •  2  Butenal) 

Cyanide*  xoluble  salt*  and  eomplexexi, 
KOI' 

Cyanoaen  '  Ethanedlnitrilei 
Cyanoaen  Bromide  •  Bromine  cyanide' 
Cyanoaen  chloride  ‘Chlorine  cyanide) 

Cyraein  '  beta-DGlucopyrtnoelde  (methyl- 
ONN  asoxy  methyl- 1 

J  Cyrlohexyl  4  «  llnitrophe-io!  'Phenol.  2- 
-yciohe*yl  4.d  dl.nrro ' 

Cycloohoaphamid*  '2H-I  3  2.  Oxaxaphoe- 
phonne.  Ebl*  2  chloroethyl'amlnol  (rtra- 
hydro-  2oxidet 

Daunomyctn  3  13  Naphthacenedlone.  S3- 
cai  S  acetyl- IO-( '  J  ammo  2,3.8  trideox y>- 
ilaha  L  lyxo-hexopyranoxyloxy!  T  8  9.10- 
r'-ahydro  18  11  (rthydroxy  |  methoxy  / 


DOO  'Oichlorodlphenyldlchloroethanei 
'Ethane.  l,l-dldUoro-2.2-d«aip-chloro 
phenylt ) 

DOE  'Ethylene.  1. 1 -dlehloro  2. 2b«»4-eMoe 

ophenyl)-) 

DOT  'DKhlorodlphenyltnehlaroe'hanei 
Ethane.  l.l.l-tnchloro-3.2  tnatp-chloro 
phenylM 

Dlallate  iS-i  7.3-dichloroallyt>  dllaopropylth- 
locartamate ) 

Dtberu(a.h  I  acridine  <  1 .2.3.8- Dlbrrtzacndlne) 
Olhenxl a.1  lacndlne  i  t  .2.7.4- Dlbemtacndtne) 
□lbenxta.hlanthracene  '  1. 2.3.4- Dlbenaanth- 
racene) 

TH  Dibenao<e.*]cartaaole  <  3.44.4- Dtbenacar- 
baaolei 

D1benxo<*e  I  pyrene  <  1.2.44-Olbertxpyrenet 
Dlbenaola.hlprrme  <  1. 2.3.4- Dibenxpyrenei 
Dlbenaot  a.1 1  pyrene  <  1 .3.1.4-  Ot  benzpyrene  i 
1.2  Dtbromo-3-chloropeopane  <  Propane.  1.2- 
dlbrorao-3-chlaro- ) 

1  2-Olbroaoethane  (Ethylene  dlbromide) 
Dibromomethane  < Methylene  bromide) 

Di  n-butyl  phthalate  <  1.3-Benxenedtcartom- 
ylle  add.  dlbutyl  eater) 
o-Dlehloeobenaene  iDeneene.  1.2-dlchloro-) 
m-DIchlorobenarne  (Benaene.  1.3-dlchloro-l 
p- Die  Mot  obenaene  (Benaene.  l.4-dichloro  > 
Dtrhlorobenaene.  N  04-*  (Benaene. 
dlehloro  N08.*l 

3  3  DichloroOmxKttne  'Cl. I  Biphenyl  1-4.4'- 
dlamine.  3.3<hchinro> 

1.4- Dlehloro- 2- butene  (3-Butene.  1.4-dlch- 
loro) 

DlehlorodUluoromethane  (Methane,  dteh- 
lorodinuoro-i 

U  Diehloroethane  (EthyUdene  dlchlorldel 

1.3- Dtehloroethane  (Ethylene  dlchlorldel 
trana-  1.3-Dtchloroethene  ( 1.2-Olchloroethy- 

lenel 

Dlchloroeth  ylene.  N.04.*  (Ethene.  dleh¬ 
loro,  N.04.*> 

l.l-D(chJoroethyl*ne  (Ethene.  1.1 -dlehloro i 
Dlchiorom ethane  (Methylene  chloride) 

2.4- Dlehlorophenol  'Phenol.  2.4-dlchloro ) 

3.4- Olchlorophenol  (Phenol.  2.4-dlchloro ) 

2.4- Dtehloroohenoayacetlc  add  (3.4-0).  aalta 
and  eaters  (Acetic  add.  2.4-dlchlorophen- 
oxy-.  lalta  and  extern 

Dlchlorophenylarwre  (Phenyl  dlchloroar- 
Jlnri 

Dtchloropropane.  N  04. *  'Prooane.  dleh¬ 
loro.  NOS.*) 

1.3- Dtchloropropane  (Propylene  dlchlorldel 
Dtehloropropanol.  N.O.tJ.*  i  Propanol,  dleh¬ 
loro.  NOS.*) 

Dlchloropropene.  N.O.S.*  (fTopene,  dleh¬ 
loro.  N  0  3.*) 

1.3  Dlchloropropene  d-Propene.  l.3-dich- 
loroi 

Dteldrm  ( l.2.3.4.10.10-hexachloro-4.?epoxy- 
l.4.4a,S,8.7.8.8a-octa-hydro-endo.pxo- 
1  13  8-Dlmethanonaphthalenei 
l  .2:3  4  Dlepoxybutane  (2.2 -Bloxlrane) 
Diethytarstne  (Arsine,  diethyl  ) 
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j.N-Dlethylhydraxln*  (Hydrazine.  1.2- 
dlethyl) 

j.O-Dlelhyl  S- methyl  eiter  of  phosphoro- 
dlthlolc  add  <  Phoephorodlthloic  acid. 
O.O-dlethyl  8-methyl  ester 
D.O-Dlethylphosphorle  add.  O-p-nltro- 
phenyl  ester  'Phosphoric  add.  diethyl  p- 
nltrophenyl  ester) 

Diethyl  phthaiate  ( 1.2-Benzenedlcarbozyltc 
add.  diethyl  ester) 

O.o- Diethyl  O-2-pyraxlnyl  phoaphoroth- 
loate  ( Phosphorothlote  add.  O.O-dl ethyl 
O-pyrazlnyl  ester 

DtethylatUbesterol  <4.4-8tllbenedlol. 

alpha^lpha- diethyl.  bia(dlhydro«en  phos¬ 
phate.  (EM 

Dthydroaafrole  ( Berne  ne.  1.2-methylene- 
dloxy-4- propyl-) 

3.4- Dlhydroxy -sipha-t  methy  lamlno  imethyl 
benzyl  alcohol  (1.2-Benzenedlol.  4-(l-hy- 
droxy-2-<  methy  lamlno  lethyl  1- ) 
Ollsopropylfluorophosphale  (DPP)  (Phoa- 
phorofluorldlc  add,  bla(l-methylethyl) 
ester) 

Dtmethoate  (Phoephorodlthloic  add.  0.0- 
dlmethyl  S-(2-(meihylaraino>-2-ozoetayl) 
ester 

3.3 - Dlmethoxybenzldlne  ([1.1 -Blphenyl)- 
4.4  diamine.  3-3 -dlmethoxy-1 

p-Dlmethylaminoezo  benzene  (Bencenamine. 

N.N-dlmethyl-4-<  phenylazo  b ) 
7.12-Dlmethylbenzfalanthrecene  (1.2-Ben¬ 
zanthracene.  7.12-dlmethyl-) 

3.3- Dlme'.hylbenzldlne  ( U.r-BtphenyU-4.4'- 
dlamlne.  3.3  -dlmethyl-) 

□lmethylcarbamoyl  chloride  (Carbamoyl 
chloride,  dimethyl-) 

1.1- Dlmethylhydrazlne  (Hydrazine.  1.1 -di¬ 
methyl-) 

1.2- Dlmethylhydrazlne  (Hydrazine.  1.2-dl- 
methyl-) 

3.3- Dlmethyl-l-(methylth!o)-2-butanone.  O- 
[(methylamlno)  carbonylloxlme  (Thlo- 
fanox) 

alpha.alpha-Dlmethylphenethylamlne  (Eth- 
anamlne.  l.l-dlmethyl-2-phenyl-) 

2.4- Dlmethylphenol  (Phenol,  2,4-dlmelhyl-) 
Dimethyl  phthalate  (1,2-Benzenedlcarboxy- 

lie  acid,  dimethyl  ester) 

Dimethyl  sulfate  (Sulfuric  add,  dimethyl 
ester) 

Dinitrobenzene,  N.O.S.*  (Benzene,  dinttro-, 
N.O.S.*) 

t,6-Dlnttro-o-cresol  and  salts  (Phenol.  2.4- 
dlnltro-8-methyl-.  and  salts) 

2.4- Dlnltrophenol  (Phenol.  2.4-dlnttro-) 

2.4- Dlnitrotoluene  (Benzene,  l-methyl-2,4- 
dlnltro-) 

2.8-Dlnitrotcluene  (Benzene,  l-methyl-2.6- 
dlnltro-’ 

D\-n-octyl  phth&late  (1.2-Benzenedlcsrboxy- 
He  add.  dloctyl  ester) 

1.4- Dioxane  '  1.4-Dtethylene  oxide) 
D)phenylamlne  ( Benzenamtne.  N-phenyl-) 

1.2-Dlphenylhydrazme  (Hydrazine,  1,2-dl- 

phenylo 


Dl-n-propylnltroaamlne  (N-NItroso-dl-n-pro- 
pylamlne) 

Dlsulfnton  (O.O-dtethyt  S-12- 

(ethylthloiethyU  phoaphorodlthloate ) 

2.4-Dlthtobturet  (Thtotmtdodlcarbonk*  die- 
mlde) 

Endoaulfan  (3-Norbomerte.  2.3-dlmethanol. 

l,4.5.8.7.7-hexachlon>-.  cyclic  sulfite) 
Endnn  and  metabolites  ( 1.2.3.4.10.10-hex- 
achloro-«,7-epoxy-1.4.4a.S.8.7.8.8a- 
octahydro-endo.endo-1. 4:3.8- 
dlmethanonaphthalene.  and  metabolites) 
Ethyl  carbamate  (Urethan)  (Carbamlc  add. 
ethyl  eater > 

Ethyl  cyanide  (ptopanenltnle) 
Ethyleneblsdlthlocarbamlc  add.  talu  and 
eaters  (1.2-Elhanediylblscarbamodithlotc 
add.  salts  and  esters 
Ethylene tmine  (Azlrldlne) 

Ethylene  oxide  (Oxlrane) 

Ethylenethlourea  ( 2-Imidazotldlnethione) 
Ethyl  methacrylate  (2-Propenolc  add.  2- 
methyl-.  ethyl  ester) 

Ethyl  methaneaulfonate  ( Methanesulf onlc 
add.  ethyl  ester) 

Fluoranthene  (Benzofj.klfluorene)  ' 
Fluorine 

2-Fluoroacetamlde  (Acetamide.  2-fluoro-) 
Fluoroacetlc  add.  sodium  salt  (Acetic  add. 

fluoro-,  sodium  salt) 

Formaldehyde  (Methylene  oxide) 

Formic  add  (Methanolc  add) 
Qlyddylaldehyde  ( l-Propanol-2.3-epoxy  > 
Halomethsme.  K.OA’ 

Heptachlor  (4.7-Methano-lH-lndene. 

1.4,S,d.7,8.8-heptachloro-3a.4.7.7a- 
tetrahydro-) 

Heptachlor  epoxide  (alpha,  beta,  and 
gamma  Isomers)  (4.7-Methano-lH-lndene. 
1.4.5.8,7.8.8-hertj)Chloro-2.3-epoxy-3s.4.7.7- 
tetrahydro-,  alpha,  beta,  and  gamma  iso¬ 
mers) 

Hexachlorobenzene  (Benzene,  hexachloro-) 
Hexschlorobutadiene  ( 1.3-Butadlene. 

1.1.2.3,4.4-hexschloro-) 
Hexschloroeyclohexane  (all  Isomers)  (Lin¬ 
dane  and  Isomers) 

Hexachlorocyclopentadlene  ( 1.3-Cyclopen- 
tadlene.  1.2.3.4.5.3-hexachloro-) 
Hexachlorodlbenzo-p-dloxlns 
Hexachlorodtbenzofurans 
Hexmchloroethane  (Ethane.  1.1,1.2.2,2-hex- 
schloro-) 

1.2,3. 4.10. 10-Hexactlloro- 1.4. 4a.5.B.8a- 
hexahydro- 1.4:5. 8-endo.endo- 
dlmethanonaphthalene  (Hexachlorohexa- 
hydro-endo.endo-dlmethanonaphthalene) 
Hexachlcrophene  <2.2  -MethylenebisCl.4.8-. 
trlchlorophenol)) 

Hexachloropropene  (1-Propene.  1. 1.2. 3.3.3- 
hexachloro-) 

Hexaethyl  tetraphosphate  (Tetraphos- 
phorlc  acid,  hexaethyl  ester) 

Hydrazine  (Dlaminei 

Hydrocyanic  acid  (Hydrogen  cyanide) 

Hydrofluoric  acid  (Hydrogen  fluoride) 
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S' 


Hydrogen  sulfide  'Sulfur  hydride i 
Hydroxydlmethylantne  oxide  tCacodyllc 
acid) 

tndenoi  1.2.3-cd>pyr*ne  (l.lO-tl.2- 

phenyleneipyrene) 
lode  methane  ■  Methyl  iodide  i 
Iron  dextrin  <  Ferric  dextrani 
Uocyxmc  acid,  methyl  eater  i Methyl  tao- 
c\  anate  > 

taoOulyl  alcohol  i  lProprnoI.  2  methyl- ) 
laoaafrole  >  Benzene.  1.2-methylenedioxy-4- 
allyl  i 

Kepone  'Decachlorooctahydro-l.3.4-Meth- 
ano-2H-cycloou tiled  Ipetitalen-  2  one  i 
Lasiocarpine  ,  2  Butenoic  acid.  2  methyl-.  7- 
t(2.3-dlhydroxy  2-<  lmethoxyethyl>-i- 
methyl- 1  -oxooutoxy  'methyl  1-2.3. 3. 7a- 
tetrr  lydro- lH-pyrrolizin-  1-yl  eater) 

Lead  and  compounda.  NO  S  * 

Lead  acetate  ‘  Acetic  acid.  lead  iMt) 

Lead  phoaphate  i Phorphortc  acul.  lead  tall) 
Lead  aubacetate  'Lead.  Otaiacetato- 
Oitetrahydroxytn-i 
Maleic  anhydride  1 2.3-Purandlonei 
Maleic  hydraalde  <  1.2-Dihydro-3.4-pyndaxin- 
edlone) 

Malonomtnle  ■  Propanedtnitnle) 

Melphalan  <  Alanine.  3-(p-btai2- 

chloroethyDaminolphenyt-.  L-i 
Mercury  fulminate  >  Pulminic  acid,  mercury 
tail  i 

Mercury  and  compounds.  N.O.S.* 
Methacrylomtnle  <  2-Propenenitnie.  2- 
methyl- ) 

Methanethiol  iThiomethanol) 

Met  haoynlene  i  Pyridine.  2-U2- 

dlmeth  y  lamina  )cth  y  1 1  -  2- theny  tammo- ) 
Metholmyl  (Acetlmldle  add.  N- 
[imethylcarhamoyiioxyllhio-.  methyl 
eater 

Methoxychlor  i  Ethane,  l.l.l-trlchloro-2.2'- 
blKp-methoxyphetiyl)-) 

2  Metliylaaindlne  <  1.2-Prooylenlmine) 

3  Methylcholamhrene 

'  BenzljJaceanthrylene,  l.2dlhydro-3- 
methyl- ) 

Methyl  rhlorocar donate  tCarbonochlorldlc 
acid,  methyl  -  tier) 

4. 4  Methylene'  a  2-chloroanillne)  i  Senzen- 
amtne.  4.4  methylenebU-i  2-chloro- 1 
Methyl  ethyl  ketone  (  MEK)  i2  Butanone) 
Methyl  hydrazine  i  Hydrazine,  methyl  ) 

2  Methyllactonltrlle  <  Propanenurlle.  2-hy¬ 
droxy  2  methyl-i 

Methyl  methacrylate  <2-Propenole  acid,  2- 
methyl-,  methyl  eater) 

Methyl  methaneaulfonate  '  Methaneauifonlc 
acid,  methyl  eater) 

2  Methyl  2  < methylthloipropionaldehyde-o- 
met  hylrarbonyl  >  oxime  i  Propanal.  2- 
methyl  2  '  methylthloi-.  O- 

t<  methylamlnoK-arbonyl  loxime) 

N  Methyl  N  nitro-N  nuroaoauanldlne  'Gua¬ 
nidine  N  nit roso  N  methyl  N  nltro-i 
Methyl  parathlon  i O.O-dlmethyl  O-M-mtro- 
phenyl )  pno.ipn  ,thiuatei 


Methylthiouranl  i4  1HPyrtmidtnone.  2.3 
dlhydro-d-methyl  2-thloxo-i 
Mustard  (as  'Sulfide.  0i»2<hloroethyli  t 
Naphthalene 

1.4  Naphthoquinone  1 1.4-Naphthaiene- 
dionei 

t  Naphthylamine  talpha-Naphthylamine) 

2  Naphthytamine  tbeta-Napntnylamtne> 

1  Naphthyl  2-thiourea  i  Thiourea.  I  naphth- 
alenyl- ) 

Nickel  and  compounds.  N  O  S.* 

Nickel  carbonyl  i Nickel  tetracaroonyl) 
Nickel  cyanide  •  Nickel  <  II  i  cyanide) 

Nicotine  and  laiu  Pyndine.  -S)-3<1 
methyl-2-pyrrolldlnyl)-.  and  salta) 

Nitric  oxide  Nltroqen  til)  oxide) 
p  Nltroamllne  <  Benzenamine.  4-nitro-) 

N it ro benzine  'Benzene,  nitro-t 
Nitroqen  dioxide  iNltrtxen  itV)  oxide) 
Nitroxen  mustard  and  hydrochloride  salt 
i  Ethanamine.  2-chloro-,  N-<  2  ehloroethyli- 
N-methyl-.  and  hydrochlonde  salt) 
Nitroeen  mustard  N-Oxide  and  hydrocnlo- 
nde  salt  i  Ethanamine.  2chtoro-,  N-(2- 
chloroethyll-N-methyt-.  and  hydrochlo¬ 
nde  salt) 

Nltrotlycenne  1 1.7.3-  Propanetnol.  trini¬ 

trate) 

4-Nttrophenol  i  Phenol.  4-mtro-> 

4- Nltro quinoline- 1 -oxide  'Quinoline.  4-nltro- 
1 -oxide- • 

Nltroaamine.  N  O  S.* 

N-Nltrosodi  n-butylamine  1 1-Butanamine. 
N- outyl-N-nltroao-t 

N-Nitroeodlethanolamlne  tEthanol.  IT 
t  nltroeoirainoibts-  > 

N-NItroaodiethylamlne  (Ethanamine.  N 
ethyl-N-nitroeo-i 

N-NItrosodlmethylamlne  ( Dlmethylnitmea- 
mine) 

N  NItroao-N-ethylurea  (Carbamide.  N-ethyl- 
Nnltroao-i 

NNItroaomethylethytamUie  t  Ethanamine. 
N-methyl-N-nltroso-i 

N  Nltroso-N-methylurea  'Carbamide.  N- 
methyl-N-nltroeo-t 

N-Nltroso-N-methylurethane  (Carbamic 
acid,  methytnltroso-.  ethyl  esteri 
N-Nltrosomethylvinylamine  1  Ethenamme. 
N-methyi-N-nltroso-) 

NNltrosomorphollne  'Morpholine.  N-nltro- 
so-) 

N  Nltrosonomlcotlne  iNomicotlne.  N- 
nitroso-i 

N-Nltrosoptperldlne  i  Pyridine,  hexahydro-. 
N-nitroso-l 

Nltrosopyrrolldine  'Pyrrole,  tetrxhydro-.  N- 
nttroso-i 

NNItrososarcosuie  'Sarroslne.  N-nltroao-i 
5  Nltro  o-toluidlne  '  Benzenamine.  2-methyl- 
5-mtro-i 

Octamethylpvrophosphoramtde  t  Dlphos- 
phoramlde.  octamethyt-i 
Osmium  tetroxlde  t Osmium  t  VIII )  oxide i 
7  Oxxblcyclol 2.2.1  lheptxne-2.3-dtcar boxy U< 
acid  -  Endothal) 
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paraldehyde  UJ.l-Tr»UM.  2.4.4  tn- 
methyl  ) 

paralhton  iPhoaphorothioic  and.  .  O- 
diethyl  0-<p-nltropnen>i>  eater 
Pentachlorobvnzene  i  Benzene,  pentachloro- 

t 

Pmtachlorodibenzo-  p-dloxtru 
Pentachlorod)  benzol uran* 
Pentachloroethane  ( Ethane,  pentachloro- 1 
Pentachloronttrobenzene  i PCfiBi  (Benzene, 
pentachloronitro- 1 

Pentachlorophenol  ( Phenol,  pentachloro- > 
Phenacetln  (Acetamide.  Nu  4-ethoxy- 
phenyl)- > 

Phenol  (Benzene,  hydroxy  » 
Phenylenedlamlne  ( Benzenedlamlne » 
Phenytmercury  acetate  (Mercury,  acetato- 
phenyl- 1 

ft- Phenylthlourea  (Thiourea,  phenyl-) 
Phoaaene  (Carbonyl  chloride) 

Phoaphlne  (Hydrocen  phoaphldei 
Phoephorodlthtolc  acid.  O.O-dlethyl  S- 
liethylthloimethyll  eater  iphoratei 
Phoaphorothioic  acid.  O.O-dlmethyl  O-Ip- 
<  i  dime  t  h  y  I  amino  nulfonyliphenyll  eater 

iPamphur) 

Phthallc  acid  eaten.  N.O.S.*  (Benzene.  1.3- 
dlcarboxyllc  acid,  eater*.  N  O  S.*) 

Phthallc  anhydride  <  1.2-Benzrnedlcarboxy- 
14c  acid  anhydride) 

2-Plcollne  ( Pyridine.  2-melhyl- ) 
Polychlorinated  biphenyl.  NOS* 

Potaaaium  cyanide 

Potaaalum  silver  cyanide  (Araentatetl-).  dl- 
cyano  potaaaium) 

Pronamide  <3.5-Dichloro-N-(  l.l-dlmethyl-2- 
propynyl  ibenzamide  i 

1. 3-Propane  sultone  ( 1.3-Ox*lhlolane.  2.2-dl- 
oxide) 

n- Propylamine  i  l-Prop  an  amine) 
Propylthiouracil  (Undecamethylenedla- 
mine.  N.N  bts<  2  chlorobenxyl)-.  dlhy- 
drochloride) 

2-Propyn-l-ol  (Propareyl  alcohol) 

Pyridine 

Reaerptne  ( Yohtmban-18-c...  ooxyltc  acid. 
It.  n-dtmethoxy-l8-((  3.4.5- 
trtmethoxybenzoylioxyl-.  methyl  eaten 
Reaorcinol  ( 1.3-BenzenedloH 
Saccharin  and  salts  ( l.2-BenzotsothlazoIln-3- 
one.  1.1-dioxide,  and  salts) 

Salrolei  Benzene.  1.2  methylenedloxy-4- 
allyl-) 

Selemous  acid  (Selenium  dioxide) 

Selenium  and  compounds.  N  O  S' 

Selenium  sulfide  'Sulfur  selemde) 
Selenourea  'Carbamlmldoselenolc  acid) 
Silver  and  compounds,  N  O  S." 

Sliver  cyanide 
Sodium  cyanide 

Streptozotocin  '  D-Glucoyyranose.  2-deoxy- 
2-(3-methyl-3-nltroaoure'.do)-> 

Strontium  sulfide 

Strychnine  and  salts  'Strychnidin-lO-one, 
and  salts) 

1.2.4.5-Tetrachlorobenzene  i  Benzene. 

1.2.4.5-tetrachloro- 1 
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2.3.7.1- Tetrarhlorodlbrnzo-P'dioxin  <TCODi 
( Dtbenzo-p-dloxtn.  2.3  7.»-te(rachloro- 1 

Tet  rmc  hlorodibetuo-  p-dtoxins 
Tetrachlorodlbenzofurans 
Trtrachloroethane.  NOS.1  (Ethane,  tetra- 
chloro-.  N  OS.*) 

1.1.1.3-Teirachlorethane  (Ethane.  1.1. 1.2 
(e  tract)  loro- 1 

1.1.2.2  Tetrachlorethane  (Ethane.  1. 1.2.2- 
tetrachloro- ) 

Tetrachloroethane  ( Ethene,  1.1.2.2-tetra- 
chloro- ) 

Tetrachloromethane  (Carbon  tetrachloride) 
2.3.4.6.-Tetr*chlorophenol  (Phenol.  23.4.8- 
letrachloro- ) 

Tetraethyldlthiopyrophoaphate  (Dtthiopyr 
ophoaphonc  add.  tetraethyl-eater) 
Tetraethyl  lead  ( Plum  bane,  tetraethyl-) 
Tetraethytpyrophoephate  ( Pyrophoaphonc 
aclde.  tetraethyl  eater) 

Tetranltromethan*  (Methane,  letramtro-i 
Thallium  and  compound*.  N  O  S  * 

Thalllc  oxide  (Thallium  (III)  oxidei 
Thallium  il>  acetate  (Acetic  acid,  thallium 
(I)  tall) 

Thallium  (I)  carbonate  (Carbonic  acid,  dlih- 
aiilum  d)  salt) 

Thallium  ( I )  chloride 

Thallium  (1)  nitrate  (Nltnc  add.  thallium 
(I)  sail) 

Thallium  selenite 

Thallium  (!)  sulfate  (Sulfuric  add.  thallium 
(I) salt) 

Thloacetamlde  (Ethanethioamide) 
Thiosemlcarbazlde  (Hydrazinecarbothioa- 
mlde) 

Th)ourea  ( Carbam)de  thus-  > 

Thiuram  i  Bivdlmethylthiocarbamoyl )  di- 
sulfide) 

Toluene  (Benzene,  methyl- 1 
Toluenedlamtne  (Diaminotoluene) 
o-Toluldlne  hydrochloride  (Benzenamine  2 
methyl-,  hydrochloride' 

Tolylene  dltsocyanate  (Benzene.  1.3-dltso- 
cyanatomethyl-i 

Toxaphene  ( Camphene.  octachloro- < 
Trtbromomeihane  ( Bromoform  i 

1.2.4- Trlchlorobenzene  'Benzene.  1.2.4-trtch- 
loro- ) 

1.1.1- Trlchloroethane  '  Methyl  chloroform) 

1.1.2  Tnchloroethane  (Ethane.  1.1.2  trtch- 
ioro-i 

Trtch  loroet  hene  ( Trtch  loroe t  h  v  I  ene  • 
Trlchloromethanethiol  Mnhanethiol. 

trichloro-) 

Trichloromonofluoromeihanc  .  Methane, 
tnchlorofluoro- ) 

2.4.5- Trichloropheno.  (Phenol.  2.4  5-trich 
loro-) 

2,4.8-Trichlorophenol  (Phenol.  2.4.6-;rirh- 
loro- ) 

2.4.5Tr1chlorophenoxyai'('t(C  aetd  ‘2.4  5-T) 
•  Acetic  acid.  2.4.5-triehl.irophenoyy- ) 

2.4.5  Tnchlorophenoxyprcpiomc  tcid  '2  4.5- 
TP)  'Silvexi  (Propionoic  and.  2 '2. 4. 5- 
frlchlorophenoxy )-) 
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Tnchloroprx>p»jie.  N.O.3.*  <Prop*n*.  tnch- 
loro-  N  OS.*i 

1.2.3-Trtcnioroprop*n«  i  Prop«n«.  1.2.3- tnch- 
loro-i 

O  O.O-Tnethyl  phoxphorochioste  iPhox- 
phoroihioic  Mid.  O.O.O-lrwthyl  »»tor> 
iymTrinitrob«nz*n»  •  Benzene.  1.3.S-cruu- 

tro  i 

Trui  l  xxndinyl)  pho*phme  xuldde  Phoe- 
pmne  lulflde.  tn*  1  ixindlnyl-i 
Trm  2.3-dibromopropyl  >  phoxphzte  1  Pro¬ 
panol.  2.3-dibromo-  pho*ph»iei 
Trvptn  slur  1 2.'N»phthxleneduulfonic 
Mid.  3.3  ((3.3  dimethyl)  1.1  biphenyli- 
VI  diylibu<uoi|bui3-unino-«-hydroxy-. 
letraxodlum  j*it> 

Ursci  I  mustard  (Uracil  5-(bi*<2- 

chloroei  hyl  iimmo  I  ■  i 

Vxnmdle  acid,  ammonium  salt  ammonium 
vanadate i 

Vanadium  pentoaide  ■  Vanadium  •  V>  oxide  i 
Vinyl  chloride  i  Ethene.  cnioro-i 
Zinc  cyanide 
Zinc  phosphide 

[44  PR  23411.  May  30.  1MI.  14  FR  2*304. 
June  3.  1941.  aa  amended  at  4*  PR  3312.  Feb 
10.  1944.  30  FR  2000,  Jan  14.  19491 
Errxrrivx  Oar*  Nor*  At  30  FR  2000.  Jan. 
14.  1945  Part  291.  Apo.  Vtll  »aa  amended 
By  addma  the  -rune*  (or  Hexachlorodl- 
Benzo-  p-dtoxini.  Hexachlorodibercwlurans. 
Pentachlorodibenao  p-dloxina.  Pentachloro- 
dlbenzofurana.  Tetrachlorodlbenzo-p-dlox- 
inx.  and  Tetrachlorodlbenxofurana.  effective 
July  15.  1945. 
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{49  FR  3tfno.  Sept.  21.  19641 
Ajrrrwiux  X— Mithoo  or  Analysis  rom 

CHlOmSAT XD  DIIOCZO-PDIOXIXS  AWP 
DHorxorUHAWi  *■  1  1  • 

WetAod  t:to 

1.  Scope  and  Application 

Thu  method  u  appropriate  for  the  anal¬ 
ysis  o<  tetr»-.  pent*-.  And  hexachlunnated 
dibenxo-  p-dtoxtna  and  -dlbenzofurmna. 

’Analytical  protocol  for  determination  of 
TCDDa  in  phenolic  chemical  waste*  and  soil 
samples  obtained  from  the  proximity  of 
chemical  dump*.  TO.  Tleman  and  M. 
Taylor  Brehm  Laboratory.  Wrlfhl  State 
University.  Dayton.  OH  43439 
’Analytical  protocol  for  determination  of 
chlorinated  dibenxo  p-dioxms  and  chlorinat¬ 
ed  dlbenxof araru  in  mer  water .  TO  Tier- 
nan  and  M.  Taylor  Brehm  Laboratory. 
’A* right  Slate  University.  Dayton.  OH  43435 
'In  general,  the  techniques  that  should  'ye 
ued  to  handle  these  materials  are  those 
■which  are  followed  for  radioactive  or  infec¬ 
tious  aooratory  matenaU.  Asautance  in' 
evaluating  aboratory  practices  may  be  ob¬ 
tained  from  industrial  nygtemsu  \nd  per 
sons  specializing  ui  safe  laboratory  prac 
tiers  Typical  infectious  waste  incinerators 
are  procably  not  satisfactory  levies  for  dis¬ 
posal  of  material*  highly  contaminated  with 
CDDs  or  CDFs  Safety  mstruc'toru  are  out 
.med  in  EPA  Tfst  Method  413^4  0» 

See  also  l  >  Program  for  monitoring  po- 
tential  :ontammaiion  :n  ’.he  laboratory  foi- 
.oai.ng  the  handling  and  analvses  of  rhionn- 
.ated  dibenzo-p  dioxins  ana  Jiberzof  jraru* 
by  F  D  Hlieman  *•(  al..  /n.  Human  and  En- 

>'  IflUM 
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Environ  mwrrtnl  PTwfwction  A  gooey 

1.1  This  method  meaaurea  the  concentra- 
tion  of  chlorinated  dlbenzo-p-dtoxtns  and 
chlorinated  dibenzofurmns  in  chemical 
wastes  includlnt  still  bottoms,  filter  aids, 
sludaes.  spent  carbon,  and  reactor  residues, 
and  in  soils. 

1.2  The  sensitivity  of  this  method  Is  de¬ 
pendent  upon  the  level  of  Interferences. 

1.3  This  method  is  recommended  for  use 
only  by  analysts  experienced  with  residue 
analysis  and  skilled  in  mass  spectral  analyti¬ 
cal  techniques. 

1.4  Because  of  the  extreme  toxicity  of 
these  compounds,  the  analyst  must  take 
necessary  precautions  to  prevent  exposure 
to  himself,  or  to  others,  of  materials  known 
or  believed  to  contain  CDDs  or  CDF's 

2.  Summitry  0/  the  Method 

2.1  This  method  is  an  analytical  extrac¬ 
tion  cleanup  procedure,  and  capillary 
column  (as  chromatocraph-low  resolution 
mass  spectrometry  method,  ustnc  capillary 
column  GC  MS  conditions  and  Internal 
standard  techniques,  which  allow  for  the 
measurement  of  PCDDs  and  PCDFs  in  the 
extract. 

2.2  If  interferences  are  encountered,  the 
method  provides  selected  general  purpose 
clearrap  procedures  to  aid  the  analyst  Ul 
their  elimination. 

3.  Interference! 

3.1  Solvents,  reagents,  glassware,  and 
other  sample  processing  hardware  may  yield 
discreu  artifacts  and/or  elevated  baselines 
causing  misinterpretation  of  gas  chromato¬ 
grams  All  of  these  materials  must  be  dem¬ 
onstrated  to  be  free  from  interferences 
under  the  conditions  of  the  analysis  by  run¬ 
ning  method  blanks  Specific  selection  of 
reagents  and  purification  of  solvents  by  dis¬ 
tillation  in  all  glass  systems  msy  be  re¬ 
quired. 

3  2  Interferences  coextracted  from  the 
samples  will  vary  considerably  from  source 
to  source  depending  upon  the  diversity  of 
the  industry  being  sampled  PCDD  is  often 
associated  with  other  interfering  chlorinat¬ 
ed  compounds  such  as  PCB's  which  may  be 
at  concern  rations  several  orders  of  magni- 
■if  higher  than  that  of  PCDD  While  gen 
cr„.  cleanup  techniques  are  provided  as  part 
of  this  method,  unique  samples  may  require 
additional  cleanup  approaches  to  achieve 
tne  sensitivity  stated  in  Table  t. 

3  3  The  other  isomers  of  tetrachlorodl- 
behzo- p-dioxin  may  interfere  nth  :he  meas¬ 
urement  ot  2.3.7  8-TCDD  Capillary  column 
gas  chromatography  is  required  to  resolve 


virrtnmental  Risks  of  Chlorinated  Dioxins 
and  Related  Compounds.  R.£  Tucker  et  al. 
■*ds  .  Pl-num  Publishing  Corp  .  1983  2i 

Sarety  procedures  outlined  in  EPA  Method 
813.  Federal  Register  volume  48  No  233. 
DecemDer  3  '.979 
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those  tsomen  that  yield  virtually  identical 
mass  fragmentation  patterns. 

4.  Apparatus  and  Materials 
4.1.  Sampling  equipment  for  discrete  or 
composite  sampling. 

4.1.1  Grab  sample  bottle— amber  glasa.  1- 
llter  or  1 -quart  volume.  French  or  Boston 
Round  design  Is  recommended.  The  contain¬ 
er  must  be  washed  and  solvent  rinsed  before 
use  to  minimize  Interferences. 

4.1.2.  Bottle  caps— threaded  u>  screw  on 
to  the  sample  bottles.  Caps  must  be  lined 
with  Teflon.  Solvent  washed  foil,  used  with 
the  shiny  side  towards  the  sample,  may  be 
substituted  for  the  Teflon  If  sample  is  not 
corrosive. 

4.1.3.  Compositing  equipment— automatic 
or  manual  composing  syctem.  No  tygon  or 
rubber  tubing  may  be  used,  and  the  system 
must  incorporate  glass  sample  containers 
for  the  collection  of  s  minimum  of  230  ml. 
Sample  containers  must  be  kept  refrigerat¬ 
ed  after  sampling. 

4  2  Water  bath- heated,  with  concentric 
ring  cover,  capable  of  temperature  control 
(=2  *C>.  The  bath  should  be  used  in  a  hood 

4.3  Gas  chromatograph /mass  spectrome¬ 
ter  data  system. 

4.3.1  Gas  chromatograph:  An  analytical 
system  with  a  temperature-programmable 
gas  chromatograph  and  all  required  accesso¬ 
ries  Including  syringes,  analytical  columns, 
and  gases 

4.3.2  Column.  SP-2250  coated  on  a  30  m 
long  •  0.23  mm  1.0.  glass  column  tSupelco 
No.  2-3714  or  equivalent!.  Glass  capillary 
column  conditions:  Helium  earner  gas  at  30 
cm,  sec  linear  velocity  run  splltless  Column 
temperature  Is  210  "C. 

4.3  3  Mass  spectrometer  Capable  of  scan¬ 
ning  from  33  to  430  amu  every  1  sec  or  less, 
utilizing  70  volts  'nominal'  electron  energy 
in  the  electron  impact  Ionization  mode  and 
producing  a  mass  spectrum  which  meets  all 
the  criteria  In  Table  2  when  50  ng  of  decs 
P.uorotnpheny.  phosphine  •  OKI  PPi  is  in¬ 
jected  through  the  GC  inlet  The  system 
must  also  be  capable  of  selected  ion  moni¬ 
toring  SIM  1  for  at  leas!  4  10ns  simulta¬ 
neously.  with  a  cycle  time  of  1  sec  or  less 
Minimum  tniegTation  lime  for  SIM  is  100 
ms  Selected  ion  monitoring  is  verified  by  in 
:  ,-tlng  015  ng  of  TCDD  Cl’-  to  give  a  mini 
mum  signal  to  noise  ratio  of  5  to  1  al  mass 
328 

4  3  4  GC  MS  interface  Any  GC  to  MS 
interface  that  gives  acceptable  calibration 
points  at  20  ng  per  injection  for  each  com¬ 
pound  of  Interest  and  achieves  acceptable 
tuning  performance  criteria  -see  Sections 
8.1-4  31  may  be  'used  GC  to  MS  interfaces 
constructed  of  all  glass  or  glass  lined  matrrt 
ais  are  recommended  Glass  can  be  deart  1 
vaied  by  silanizmg  with  dirhlorodimet  h>  ;si- 
lane  The  interface  mus'  be  capable  of 
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transporting  at  learnt  10  n<  of  the  eompo- 
nenu  of  Interest  from  the  GO  to  the  MS. 

4.3.3  Data  system:  A  computer  system 
must  be  interfaced  to  the  mass  spectrome¬ 
ter.  The  system  must  allow  the  continuous 
acquisition  and  storage  on  machine-readable 
‘  media  of  all  mass  spectra  obtained  through¬ 
out  the  duration  of  the  chromatographic 
program.  The  computer  must  have  software 
that  can  search  any  GC/MS  data  file  for 
Ions  of  a  specific  mass  and  that  can  plot 
such  Ion  abundances  versus  time  or  scan 
number.  This  type  of  plot  Is  defined  as  an 
Extracted  Ion  Current  Profile  (E3 CP).  Soft¬ 
ware  must  also  be  able  to  Integrate  the 
abundance.  In  any  EICP.  between  specified 
time  or  scan  number  limits. 

4.4  Plpettes-Dtsposable.  Pasteur.  ISO  mm 
long  v  3  nun  ID  i  Fisher  Scientific  Co..  So. 
13-478-dA  or  equivalent). 

4.3  Flint  glass  bottle  (Teflon-lined  screw 
cao> 

4  4  Resell  -  vial  (sllanlzed)  (pierce  Chemi¬ 
cal  Co. ). 

3.  Rengtntt 

3.1  Potassium  hydroxide-1  ACS).  2*1  In 
distilled  water 

3  2  Sulfuric  add-(  ACS),  concentrated. 

3.3  Methylene  chloride,  hexane,  benzene, 
petroleum  ether,  methanol,  letradecsuie-oea- 
ttcide  quality  or  equivalent. 

3  4  Prepare  stock  standard  solutions  of 
TCDO  and  '*C1-TCDD  (molecular  weight 
32*)  In  a  glove  box.  The  stock  solutions  are 
stored  in  a  glovebox.  and  checked  frequent¬ 
ly  for  slgna  of  degradation  or  evaporation, 
especially  Just  prior  to  the  preparation  of 
working  standards 

3.3  Alumina-basic.  Woelm;  80/200  mesh. 
Before  use  sctlvate  overnight  at  800" C.  cool 
to  room  temperature  un  a  desslcator. 

8  8  Prepurified  nitrogen  gas 

8  0  Calibration 

8  1  Before  using  »ny  cleanup  procedure, 
the  analyst  must  process  s  series  of  calibra¬ 
tion  standards  through  the  procedure  to 
validate  elution  patterns  and  the  absence  of 
interferences  from  reagents. 

8  2  Prepare  GC  MS  calibration  stand¬ 
ards  for  the  internal  standard  technique 
that  will  allow  for  measurement  of  relative 
resoonse  factors  of  at  least  three  COD/ 
”CDD  ratios.  Thus,  for  TCDDs.  at  least 
three  TCDO/ "Cl -TCDO  and  TCDr-”Cl- 
TCDF  must  be  determined.*  The  "Cl- 


•  ’  Cl  labelled  2.3.7  8- TCDD  and  2.3. 7.8- 
TCDF  are  available  from  K.O.R.  Isotopes, 
and  Cambridge  Isotopes.  Inc..  Cambridge. 
MA.  Proper  standardization  requires  the  use 
of  a  specific  labelled  isomer  for  each  conge¬ 
ner  to  be  deterrtvned.  However,  the  only  la¬ 
belled  isomers  readily  available  are  "Cl- 
2.3,7,8-TCDD  and  ' Cl-f.j.'Ta- TCDF  This 
method  therefore  uses  these  Isomers  as  sur¬ 
rogates  for  -he  CDDs  ind  CDPs  When 


TCDD/P  concentration  in  the  standard 
should  be  fixed  and  selected  tp  yield  a  re¬ 
producible  response  at  the  most  sensitive 
setting  of  the  mass  spectrometer.  Response 
factors  for  PCDD  and  HxCDD  may  be  de¬ 
termined  by  measuring  the  response  of  the 
tetrachloro-labeiled  compounds  relative  to 
that  of  the  unlabelled  1.2J.4-  or  2.3.7.S- 
TCDD.  1.2.3.4.7-PCDD  or  1.2.3.4.7.8- 
HxCDD,  which  are  commercially  available.* 

8.3  Assemble  the  necessary  GC/M3  ap¬ 
paratus  and  establish  operating  parameters 
equivalent  to  those  indicated  In  Section  11.1 
of  this  method.  Calibrate  the  GC/MS 
system  according  to  Elchelberger.  et  at. 
( 19731  by  the  use  of  decafluorotrlphenyl 
phosphine  (DFTFP).  By  infecting  calibra¬ 
tion  standards,  establish  the  response  fac¬ 
tors  for  CDDs  ua  "Cl-TCDD.  and  for  CDFs 
ra  "Cl-TCDF.  The  detection  limit  provided 
Ih  Table  1  should  be  verified  by  injecting 
.013  ng  of  "Cl-TCDD  which  should  give  a 
minimum  signal  to  noise  ratio  of  3  to  1  at 
mass  328. 

7.  Quality  Control 

7.1  Before  processing  any  samples,  the 
analyst  should  demonstrate  through  the 
analysis  of  s  distilled  water  method  blank, 
that  all  glassware  and  reagents  are  Interfer¬ 
ence-free.  Each  time  a  set  of  samples  is  ex¬ 
tracted.  or  there  u  a  change  in  reagents,  a 
method  blank  should  be  processed  as  a  safe¬ 
guard  against  laboratory  contamination. 

7.2  Standard  quality  assurance  practices 
must  be  used  with  this  method.  Field  repli¬ 
cates  must  be  collected  to  measure  the  pre¬ 
cision  of  the  sampling  technique.  Laborato¬ 
ry  replicates  must  be  analyzed  to  establish 
the  precision  of  the  analysts.  Fortified  sam¬ 
ples  must  be  analyzed  to  establish  the  accu¬ 
racy  of  the  analysis. 

8  5ampfe  Collection.  Prrtervatton.  and 
Handling 

8.1  Grab  and  composite  samples  must  be 
collected  In  glass  containers-  Conventional 
sampling  practices  should  be  followed, 
except  that  the  bottle  must  not  r« 
prewashed  with  sample  before  collection. 
Composite  samples  should  be  collected  in 
glass  containers  in  accordance  with  the  re¬ 
quirements  of  the  RCRA  program.  Sam¬ 
pling  equipment  mu?*  be  free  of  tygon  and 
other  potential  sources  of  cont-minauon. 

8.2  The  samples  must  be  iced  or  refnger- 
sted  from  the  time  of  collection  until  ex- 


other  labelled  CDDs  and  CDFs  are  avail¬ 
able.  their  use  will  be  required. 

'  This  procedure  is  adopted  because  itand- 
ards  are  not  available  for  most  of  the  CDDs 
and  CDFs.  and  assumes  that  ill  the  con¬ 
geners  will  ihow  the  same  response  is  the 
unlabelled  congener  used  is  a  standard  Al¬ 
though  this  assumption  may  not  be  true  in 
all  ~s?ee  -he  *»r vnr  soil  he  -mall 
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traction.  Chemical  preservatives  should  not 
be  used  in  the  field  unless  more  than  24 
hours  will  elapse  before  delivery  to  the  labo¬ 
ratory.  If  an  aqueous  sample  Is  ta1-  n  and 
the  sample  will  not  be  extracted  within  48 
hours  of  collection,  the  sample  should  be 
adjusted  to  a  pH  rante  of  8.0-8.0  with 
sodium  hydroxide  or  sulfuric  acid. 

8.3  All  samples  must  be  extracted  within 
7  da.-s  and  completely  analysed  within  30 
days  of  collection. 

9.  Extraction  and  Cleanup  Procedures 

».t  Use  an  aliquot  of  1-10  g  sample  of  the 
chemical  waste  or  soil  to  be  analyzed.  Soils 
should  be  dried  uainc  a  stream  of  prepurl- 
fled  nitrogen  and  pulverized  in  a  ball-mill  or 
similar  device.  Perform  this  operation  In  a 
clear  area  with  proper  hood  space.  Transfer 
the  sample  to  a  tared  123  ml  flint  (lass 
bottle  (Teflon-lined  screw  cap)  and  deter¬ 
mine  the  weicht  of  the  sample.  Add  an  ap¬ 
propriate  quantity  of  "Cl- label  led  2.3.7.S- 
TCDD  (adjust  the  quantity  accordln*  to  the 
required  minimum  detectable  concentra¬ 
tion).  which  is  employed  as  an  internal 
standard. 

9.2  Extraction 

9.2.1  Extract  chemical  waste  samples  by 
addins  10  ml  methanol.  40  ml  petroleum 
ether.  30  ml  doubly  distilled  water,  and  then 
shaklnc  the  mixture  for  2  minutes.  Tars 
should  be  completely  dissolved  in  any  of  the 
recommended  neat  solvents.  Activated 
carbon  samples  must  be  extracted  with  ben¬ 
zene  using  method  3340  In  SW-848  (Test 
Methods  for  Evaluatln*  Solid  Waste— Physi¬ 
cal/Chemical  Methods,  available  from 
G.PO.  Stock  *055-022-81001-2).  Quantita¬ 
tively  transfer  the  orcanlc  extract  or  dis¬ 
solved  sample  to  a  clean  230  ml  flint  (lass 
bottle  (Teflon  lined  screw  capi.  add  30  ml 
doubly  distilled  water  and  shake  for  2  min¬ 
utes.  Discard  the  aqueous  layer  and  proceed 
with  Step  9.3. 

9.2.2  Extract  soil  samples  by  addlnf  40 
ml  of  petroleum  ether  to  the  sample,  and 
then  shakln(  for  20  minutes.  Quantitatively 
transfer  the  ortanic  extract  to  a  clean  230 
ml  flint  (lass  bottle  (Teflon-lined  screw 
cap),  add  30  ml  doubly  distilled  water  and 
shake  for  2  minutes  Discard  the  aqueous 
layer  and  proceed  with  Step  9.3. 

9  3  Wash  '.he  organic  layer  with  30  ml  of 
20%  aqueous  potassium  hydroxide  by  shak- 
mg  for  10  minutes  and  then  remove  and  dis¬ 
card  the  aqueous  layer 

9  4  Wash  the  organic  layer  with  50  ml  of 
doubly  distilied  vater  by  shaking  for  2  min¬ 
utes.  and  discard  'he  aqueous  layer 

9.5  Cautiously  add  30  ml  concentrated 
sulfuric  acid  and  shake  lor  10  minutes. 
Allow  the  mixture  to  stand  until  layers  sep¬ 
arate  'approximately  10  minutes',  and 
remove  and  discard  the  acid  layer  Repeat 
acid  washing  until  no  color  is  visible  in  the 
arid  layer 


9.8  Add  30  ml  of  doubly  distilied  water  to 
the  organic  extract  and  shake  for  2  minutes. 
Remove  and  discard  the  aqueous  layer  and 
dry  the  organic  layer  by  adding  log  of  anhy¬ 
drous  aodl  im  sulfate. 

9.7  Concentrate  the  extract  to  Incipient 
dryness  by  heating  In  a  55'  C  water  bath 
and  simultaneously  flowing  a  stream  of  pre 
purified  nltroten  over  the  extract.  Quanti¬ 
tatively  transfer  the  residue  to  an  alumina 
microcolumn  fabricated  as  follows: 

9.7.1  Cut  off  the  top  section  of  a  K 
disposable  Py rex  pipette  at  the  4.0  ml 

and  Insert  a  plug  of  sllanlzed  glass  wool  into 
the  tip  of  the  lower  portion  of  the  pipette. 

9.7.2  Add  2.8g  of  Woelm  basic  alumina 
(previously  activated  at  800'  C  overnight 
and  then  cooled  to  room  temperature  In  a 
desiccator  Just  prior  to  use). 

9.7.3  Transfer  sample  extract  with  a 
small  volume  of  methylene  chloride. 

9.8  Elute  the  microcolumn  with  10  ml  of 
3%  methylene  ehoiride-ln- hexane  followed 
by  13  ml  of  20%  methylene  chlortde-ln- 
hexane  and  discard  these  effluents.  Elute 
the  column  with  15  ml  of  50%  methylene 
chlonde-tn-hexane  and  concentrate  this  ef¬ 
fluent  (55‘  C  water  bath,  stream  of  prepim- 
fied  nitrogen)  to  about  0  3-0  5  mi. 

9.9  Quantitatively  transfer  the  residue 
(using  methylene  chloride  to  rinse  the  con 
tainer)  to  a  itlanized  Reacti-Vlai  (Pierce 
Chemical  Co.).  Evaporate,  using  a  stream  of 
prepurtfled  nitrogen,  almost  to  dryness, 
rinse  the  wails  of  the  vessel  with  approxi 
mately  0.5  mi  methylene  chloride,  evaporate 
Just  to  dryness,  and  lightly  cap  the  vial. 
Store  the  vial  at  3'  C  until  analysis,  at 
which  time  the  sample  is  reconstituted  by 
the  addition  of  tndecane. 

9.10  Approximately  1  hour  before  GC- 
MS  (HRGC-LRMS)  analysis,  dilute  the  resi¬ 
due  In  the  micro-reaction  vessel  with  an  ap¬ 
propriate  quantity  of  tndecane  Gently 

.swirl  the  tndecane  on  the  lower  portion  of 
the  vessel  to  ensure  dissolution  of  the  CD  Da 
and  CDFY  Analyze  a  sample  by  GC/EC  to 
provide  Insight  into  the  complexity  ol  the 
problem,  and  to  determine  the  manner  in 
which  the  mass  spectrometer  should  be 
used.  Inject  an  appropriate  aliquot  of  the 
sample  into  the  GC-MS  Instrument,  using  a 
syringe. 

9  11  If.  upon  preliminary  GC-MS  analy¬ 
sis.  the  sample  appears  to  contain  Interfer¬ 
ing  suostances  which  obscure  the  analyses 
for  CDDs  and  C DPs.  high  performance 
liquid  chromatograpmc  iHPLO  cleanup  of 
the  extract  ts  accomplished,  prior  to  further 
GC-MS  analysis. 

10.  HPLC  Cleanup  Procedure' 


For  cleanup  see  also  method  *8320  or 
*8330.  SW-848.  Test  Methods  for  Evaluat¬ 
ing  Solid  Waste.  Physical  Chemical  Meth¬ 
ods  U  982). 
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10.1  Place  approximately  3  ml  of  hexane 
In  a  SO  ml  flint  glass  sample  bottle  fitted 
with  a  Teflon-lined  cat. 

10.3  At  the  appropriate  retention  time, 
position  sample  bottle  to  collect  the  re¬ 
quired  fraction. 

10.3  Add  3  ml  of  3%  (w/v)  sodium  car¬ 
bonate  to  the  sample  fraction  collected  and 
shake  for  one  minute. 

10.4  Quantitatively  remove  the  hexane 
layer  (top  layer)  and  transfer  to  a  micro-re¬ 
action  vessel. 

10.3  Concentrate  the  fraction  to  dryness 
and  retain  for  further  analysis. 

II.  aC/MS  Analyn* 

11.1  The  following  column  conditions  are 
recommended:  Olass  capillary  column  condi¬ 
tional  SP-2330  coated  on  a  30  m  lont  X  0.23 
mm  I.D.  glass  column  (Supelco  No.  2-3714. 
or  equivalent)  with  helium  carrier  gas  at  30 
cm/sec  linear  velocity,  run  splitless.  Column 
temperature  la  210  C.  Under  these  condi¬ 
tions  the  retention  time  for  T  CD  Da  Is  about 

9.3  minutes.  Calibrate  the  system  dally 
with,  a  minimum,  three  Injections  of  stand¬ 
ard  mixtures. 

11.3  Calculate  response  factors  for  stand¬ 
ards  relative  to  "Cl-TCDD/P  (see  Section 
12). 

11.3  Analyse  samples  with  selected  Ion 
monitoring  of  at  least  two  ions  from  Table 
3.  Proof  of  the  presence  of  CDD  or  CDF 
exists  If  the  following  conditions  are  met: 

11.3.1  The  retention  time  of  the  peak  In 
the  sample  must  match  that  In  the  stand¬ 
ard.  within  the  performance  specifications 
of  the  analytical  system. 

11.3.2  The  ratio  of  Iona  must  agree 
within  10%  with  that  of  the  standard. 


11.3.3  The  retention  time  of  the  peak 
maximum  for  the  Iona  of  Interest  must  ex¬ 
actly  match  that  of  the  peak. 

11.4  Quantitate  the  CDD  and  CDF  peaks 
from  the  response  relative  to  the  "Cl- 
TCDD/P  Internal  standards.  Recovery  of 
the  Internal  standard  should  be  greater 
than  30  percent. 

11.3  If  a  response  is  obtained  for  the  ap¬ 
propriate  set  of  tons,  but  Is  outside  the  ex¬ 
pected  ratio,  a  co-eiutlng  Impurity  may  be 
suspected.  In  this  case,  another  set  of  tons 
characteristic  of  the  CDD/CDF  molecules 
should  be  analyzed.  For  TCDD  a  good 
choice  of  Iona  la  m/e  237  and  m/e  239.  For 
TCDF  a  good  choice  of  Iona  is  m/e  241  and 
243.  These  Ions  are  useful  in  characterizing 
the  molecular  structure  to  TCDD  or  TCDF. 
For  analysts  of  TCDD  good  analytical  tech¬ 
nique  would  require  using  all  four  Iona,  m/e 
237.  320.  322.  and  323.  to  verify  detection 
and  signal  to  noise  ratio  of  5  to  1.  Suspected 
Impurities  such  as  DDE.  DDD.  or  PCB  resi¬ 
dues  can  be  confirmed  by  checking  for  their 
major  fragments.  These  materials  can  be  re¬ 
moved  by  the  cleanup  columns  Failure  to 
meet  criteria  should  be  explained  in  the 
report,  or  the  sample  reanalyzed. 

11.9  If  broad  background  Interference  re¬ 
stricts  the  sensitivity  of  the  GC/M3  analy¬ 
sis.  the  analyst  should  employ  cleanup  pro¬ 
cedures  and  reanalyze  by  GC/MS.  See  sec¬ 
tion  10.0. 

11.7  In  those  circumstances  where  these 
procedures  do  not  yte'd  a  definitive  conclu¬ 
sion.  the  use  of  high  resolution  mass  spec¬ 
trometry  Is  suggested. 

12.  Calculations 

12.1  Determine  the  concentration  of  Indi¬ 
vidual  compounds  according  to  the  formula: 


A  x  A, 

Concentration.  - 

GxAt/R, 


where: 

A-i»g  of  Internal  standard  added  to  the 
sample  ' 

G  -  gm  of  sample  extracted 
A, -area  of  characteristic  Ion  of  the  com¬ 
pound  being  quantified. 

A- -area  of  characteristic  Ion  of  the  Inter¬ 
nal  standard 
Ft, -response  factor  • 


'The  proper  amount  of  standard  to  be 
used  is  determined  from  the  calibration 
curve  (See  Section  4.01. 

•If  standards  for  PCDDs/Fs  and 
HxCDDs,  Fs  are  not  available,  response  fsc- 
’ors  (or  Ions  derived  from  these  congeners 
are  -alculated  relative  to  ''Cl-TCDD'F  The 


Response  factors  are  calculated  using  data 
obtained  from  the  analysis  of  standards  ac¬ 
cording  to  the  formula: 


analyst  may  use  response  (actors  for  1.2.3. 4- 
or  2.3.7  8-TCDD.  1.2.3,4.7-PrCDD.  or 
1.2.3. 4. 7  SHxCDD  for  quantltstion  of 
TCDDs/Fs.  PeCDDs,  Fs  and  HxCDC.  'Fs. 
respectively.  Implicit  m  this  requirement  is 
the  assumption  that  the  same  rrsponse  is 
obtained  from  PCDDs/Fs  ccontaimng  the 
same  numbers  of  chlorine  atoms. 
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A,x  C» 

Rt  - 

A,xC, 


where: 

C„«  concentration  of  the  Interne]  tunderd 
C,«  concentration  of  the  standard  com¬ 
pound 

12.2  Report  results  In  microcrams  per 
gram  without  correction  for  recovery  data 
When  duplicate  and  spiked  samples  are  ana¬ 
lyzed.  all  data  obtained  should  be  reported. 

12.3  Accuracy  and  Precision.  No  data  are 
available  at  this  time. 
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262.11  H azardous  waste  determination. 

282.12  EPA  Identification  numbers. 
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APPENDIX  E. 

ANALYTICAL  METHODS 

-  EPA  Contract  Laboratory  Protocol  for  GC/MS  Analysis 
of  Purgeable  Organics  in  Water,  Soils,  and  Sediments 

-  EPA  Protocol  for  the  Analysis  of  Volatile  Principle 
Organic  Hazardous  Constituents  Using  VOST 

-  National  Institute  for  Occupational  Safety 
and  Health  Method 

No.  P  &  CAM  127 

-  Standard  Method  209  G 
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1.  GC/MS  Analysis  of  Purgaabla  Organic* 


1.1  Summary  of  Mathoda 


1.1.1  Watar  samples 


An  Inarc  gaa  la  lobbied  through  <  5  iL  sample  coacalnad  In  a 
•  pacifically  designed  purging  chamber  ac  ambient  temperature. 
The  purgaablaa  are  efficiently  cranafarred  from  cha  aqueous 
phaaa  Co  cha  vapir  phaaa.  Tha  vapor  la  swept  through  a  a or banc 
coluan  where  cha  purgaablaa  are  trapped.  After  purging  la  com- 
plated,  tha  aorbent  coluan  la  heated  and  backfluahed  with  cha 
Inert  gaa  to  deaorb  tha  purgaablaa  onto  a  gaa  chromatographic 
coluan.  Tha  gaa  chromatograph  la  temperature  prograaaad  to 
•operate  the  purgeablea  which  are  than  detected  with  a  Baas 
■pectroaacar. 


An  aliquot  of  tha  sample  la  diluted  with  reagent  water  when 
dilution  la  necessary.  i  )  iL  aliquot  of  tha  dilution  la 
caken  for  purging. 


1.1.2  Sediment / Sol 1  Samp lea 


1. 1.2.1  Low  Level.  An  inert  gaa  la  bubbled  through  a  mixture 
of  a  5  ga  sample  and  reagent  water  contained  in  a  sug¬ 
gested  specially  designed  purging  chamber  (illustrated 
on  page  D-95)  at  elevated  temperatures.  The  purgeablea 
•  ra  efficiently  transferred  from  the  aqueous  phase  to 
the  vapor  phase.  The  vapor  is  swepc  through  a  sorbent 
coluan  where  the  purgeablea  are  trapped.  After  purging 
is  completed,  the  sorbent  column  Is  heated  and  back- 

i 

flushed  with  the  inert  gas  to  deaorb  the  purgeablea 
onto  a  gas  chromatographic  column.  The  gaa  chromato- 
graphi  is  ttaperiture  programmed  to  separate  the  purge- 
ablesi  which  are  then  detected  with  •  mass  spectrometer. 
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1.1. 2. 2  Medium  Level.  A  auiund  amount  of  soil  la  axtracted 
with  methanol*  A  portion  of  tba  methanol  extract  la 
diluted  to  5  aL  with  rmageat  oatar.  Aa  iaart  gaa 
la  babbled  through  thla  eolation  la  a  specifically 
dealgaed  purging  chamber  at  aaAlant  taaperatura. 

The  purgaablea  are  effectively  traaaf erred  free  the 
aqueoua  phaae  to  the  vapor  phaae.  The  vapor  la  ewept 
through  a  eorbeat  coluao  where  the  purbeablee  are 
trapped.  After  purging  la  completed,  the  aorbent 
column  la  heated  and  backfluahad  with  the  Inert  gaa 
to  deeorb  the  purgaablea  onto  a  gaa  chrouatographlc 
coluam.  The  gaa  chroaatograph  la  taaperatura  pro¬ 
gramed  to  ae pa rate  the  purgaablea  which  are  then 
detected  with  a  aaaa  apectroaetar* 

lot erf erencee 

1.2.1  lapurltlea  la  the  purge  gaa,  organic  coapounda  out— gaaalng 
froa  the  pluablag  ahead  of  the  trap,  and  eolvent  vapore  In  the 
laboratory  account  for  the  aajorlty  of  contamination  probleaa. 
The  analytical  ayatea  auat  be  deaonatrated  to  be  free  froa 
contaalnatloo  under  the  conditiooa  of  the  analyala  by  running 
laboratory  reagent  blanka  aa  deacrlbed  in  Exhibit  E.  The  uae 
of  noo-TTX  tubing,  aoa-TTE  thread  aealaata,  or  flow  coot  roller* 
with  rubber  coaponenta  In  the  purging  device  ahould  be  avoided. 

1.2.2  Saaplca  can  be  contaminated  by  diffualon  of  volatile  orfanlca 
(particularly  f luorocarbona  and  aetbylene  chloride)  through 
the  septum  seal  Into  the  sample  during  storage  and  handling. 

A  holding  blank  prepared  from  reagent  water  and  carried  through 
the  holding  period  and  the  anelyaia  protocol  serves  aa  a  check 
on  auch  contamination.  One  holding  blank  per  case  must  be 
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1.2.3  Contamination  by  carry  over  can  occur  whenever  high  laval  and 
low  laval  saaples  ara  sequentially  analysed.  To  reduce  carry 
over,  the  purging  device  and  sampling  ayringe  auat  be  rlnaad 
with  reagent  water  between  saaple  analyaea.  Whenever  an 
unuaually  concentrated  aaaple  la  encountered,  it  ehould  be 
followed  by  an  analyala  of  reagent  water  to  check  for  croaa 
contamination.  For  aaaples  containing  large  aaounta  of  'water- 
aoluble  matcrlala,  auapended  aollda,  high  boiling  coapounda 
or  high  purgeable  levela.  It  aay  be  neceaaary  to  waah  out 
the  purging  device  with  a  detergent  aolution,  rinse  It  with 
distilled  water,  and  then  dry  It  la  a  105*C  oven  between 
analyses.  The  trap  and  other  parts  of  the  aystea  are  also 
subject  to  contaainatlon;  therefore,  frequent  bakeout  and 
purging  of  the  entire  systea  ary  be  required. 

1.3  Apparatus  and  Materials 

1.3.1  Micro  syringes  -  23  uL  and  larger,  0.006  Inch  ID  needle. 

1.3.2  Syringe  valve  -  two-way,  with  Luer  ends  (three  each).  If 
applicable  to  the  purging  device. 

1.3.3  Syringe  -  5  aL,  gas  tight  with  shut-off  valve. 

1.3.4  Balance-Analytical ,  capable  of  accurately  weighing  0.0001  g. 
and  S  top-loading  balance  capable  of  weighing  O.lg. 

l.?.5  Glassware 

1.3.5. 1  o  Bottle  -  15  nL,  screw  cap,  with  Teflon  cap  liner. 

o  Voluwetrlc  flaaka  -  class  A  with  ground-glass  stoppers, 
o  Vials  -  2  aL  for  CC  autoeaapler. 
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1.3.6  Purge  end  Crip  device  -  The  purge  end  trep  device  consists  of 
three  sepsrste  pieces  of  equipment;  the  seaple  purger,  trep 
end  the  desorber.  Several  complete  devices  ere  now  commercially 
evaileble. 

1.3.6. 1  The  seaple  purger  aust  be  designed  to  accept  5  aL 
samples  with  e  water  column  at  least  3  ca  deep.  The 
gaseous  head  space  between  the  water  coluan  and  the 
trap  aust  have  a  total  voluae  of  less  than  15  aL.  The 
purge  gas  aust  pass  through  the  water  coluan  as  finely 
divided  bubbles  with  a  diameter  of  less  than  3  am  at 
the  origin*  The  purge  gaa  aust  be  introduced  no  aore 
than  5  am  from  the  base  of  the  water  column.  The 
saaple  purger,  illustrated  in  Figure  1,  aeets  these 
design  criteria.  Alternate  saaple  purge  devices  may 
be  utilised  provided  equivalent  performance  is 
deaonstrated. 

1.3.6. 2  The  trap  aust  be  at  least  25  ca  long  and  have  an  inside 

diameter  of  at  least  0.105  inch.  The  trap  aust  be 
packed  to  contain  the  following  ainiaua  lengths  of 
absorbents:  1.0  ca  of  methyl  silicone  coated  packing 

(3Z  0V-1  on  Chromosorb  W  or  equivalent),  15  cm  of  2,6- 
diphenylene  oxide  polymer  (Tenax-GC  60/80  aesh)  and  8 
ca  of  silica  gel  (Davison  Chemical,  35/60  aesh,  grade 
15,  or  equivalent).  .The  minimum  specifications  for  the 
trap  are  illustrated  in  Figure  2.' 

1.3.6. 3  The  desorber  should  be  capable  of  rapidly  heating 
the  trap  to  180*C.  The  polymer  section  of  the 
trap  should  not  be  heated  higher  than  180*C  and 
the  remaining  sections  should  not  exceed  220*C. 

The  desorber  design,  illustrated  in  Figure  2,  meets 
these  criteria. 
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1.3.6. 4  The  purge  and  trap  device  aay  be  asseabled  as  a 

separate  unit  or  be  coupled  to  a  gas  chromatograph 
as  illustrated  in  Figures  3  and  4. 

1.3. 6. 3  A  heater  or  heated  bath  capable  of  maintaining  the 
purge  device  at  40*C  +  1*C. 

.3.7  GC/MS  system 

1.3.7. 1  Gas  chromatograph  -  An  analytical  system  complete  with 
a  temperature  programmable  gas  chromatograph  suitable 
for  on-column  injection  and  all  required  accessories 
including  syringes,  analytical  columns,  and  gases. 

1.3. 7. 2  Column  -  6  ft  long  x  0.1  in  ID  glass,  packed  with  12 
SP-1000  on  Carbopack  B  (60/80  mesh)  or  equivalent. 

1. 3.7.3  Mass  spectrometer  -  Capable  of  scanning  from  35 
to  260  amu  every  seven  seconds  or  less,  utilizing 
70  volts  (nominal)  electron  energy  in  the  electron 
impact  ionization  mode  and  producing  a  mass  spectrum 
which  meets  all  the  criteria  in  table  2  when  50  ng 
of  4-bromof luorobenzene  (BFB)  is  injected  through 
the  gas  chromatograph  inlet. 

1.3. 7. A  GC/MS  interface  -  Any  gas  chromatograph  to  mass 

spectrometer  interface  that  gives  acceptable  cali¬ 
bration  points  at  50  ng  or  less  per  injection  for 
each  of  the  parameters  of  interest  and  achieves  all 
acceptable  performance  criteria  (Exhibit  E)  may 
be  used.  Gas  chromatograph  to  mass  spectrometer 
interfaces  constructed  of  all-glass  or  glass-lined 
materials  are  recommended.  Glass  can  be  deactivated 
by  silanizing  with  dichlorodimethylsilane. 

E-  3 
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1.3. 7.5  Data  system  -  A  computer  systea  auat  be  interfaced 
to  the  aaaa  apectroaeter  that  allova  the  contlnuoua 
acquisition  and  atorage  on  machine  readable  aedia 
of  all  aaaa  apectra  obtained  throughout  the  duration 
of  the  chroaatographic  program.  The  coaputer  auat 
have  aoftvare  that  allova  aearching  any  GC/MS  data 
file  for  ions  of  a  specified  mass  and  plotting  such 
ion  abundances  versus  time  or  scan  number.  This 
type  of  plot  is  defined  as  an  Extracted  Ion  Current 
Profile  (E1CP).  Software  auat  also  be  available  that 
allova  integrating  the  abundance  in  any  ECIP  between 
specified  tiae  or  scan  number  Halts. 


1.4  Reagents 


1.4.1  Reagent  water  ~  Regent  water  is  defined  as  water  In  which  an 
interferent  is  not  observed  at  the  HDL  of  the  parameters  of 
Interest. 

1.4. 1.1  Reagent  water  may  be  generated  by  passing  tap  water 
through  a  carbon  filter  bed  containing  about  453  g  of 
activated  carbon  (Calgon  Corp. ,  Filtrasorb-300  or 
equivalent ). 

1.4. 1.2  A  water  purification  system  (Millipore  Super-Q  or 
equivalent)  may  be  used  to  generate  reagent  water. 

1.4. 1.3  Reagent  water  aay  also  be  prepared  by  boiling  water 
for  15  minutes.  Subsequently,  while  maintaining  the 
temperature  at  90*C,  bubble  a  contaminant -f ree  inert 
gas  through  the  water  for  one  hour.  While  still  hot, 
transfer  the  water  to  a  narrow-mouth  screw-cap  bottle 
and  seal  with  a  Teflon-lined  septum  and  cap. 


1.4.2  Sodium  thiosulfate  -  (ACS)  Cranular. 
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1.4.3  Mathanol  -  Pesticide  quality  or  eqvulvslent. 

1.4.4  Stock  standard  solutions  -  Stock  stsndard  solutions  nay  be 
prepared  from  pure  standard  materials  or  purchased  and  must 
be  traceable  to  EKLS/LV  supplied  standards.  Prepare  sto< 
standard  solutions  in  methanol  using  assayed  liquids  or  gases 
as  appropriate. 

1.4.4. 1  Place  about  9.8  aL  of  aethanol  into  a  10.0  mL  cared 
ground  glass  stoppered  volumetric  flask.  Allow  the 
flask  to  stand,  unstoppered,  for  about  10  alnutes  or 
until  all  alcohol  wetted  surfaces  have  dried.  Weigh 
the  flask  to  the  nearest  0.1  ag. 

1.4.4. 2  Add  the  assayed  reference  material  as  described  below. 

1.4. 4. 2.1  Liquids  -  Using  a  100  uL  syringe, 
Immediately  add  two  or  more  drops  of 
assayed  reference  aaterlal  to  the  flask 
then  reweigh.  The  liquid  must  fall 
directly  Into  the  alcohol  without 
contacting  the  neck  of  the  flask. 

1.4.4. 2.2  Gases  -  To  prepare  standards  for  any  of 
the  four  halocarbons  that  boil  below  30*C 
(broaoaethane ,  chloroethane ,  chloromethane 
and  vinyl  chloride),  fill  a  5  mL  valved 
gas-tight  syringe  with  the  reference 
standard  to  the  5.0  mL  nark.  Lower  the 
needle  to  5  a  above  the  nethanol  meniscus 
Slowly  introduce  the  reference  standard 
above  the  surface  of  the  liquid.  The 
heavy  gas  rapidly  dissolves  in  the 
methanol . 
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1.4.4. 3  Rawelgb,  dilute  to  volume,  stopper,  then  alx  by 

inverting  the  flesk  eeverel  tines.  Celculate  the 
concentration  in  nlcrograas  per  aicrollter  fron  the 
net  gain  in  weight.  When  compound  purity  is  assayed 
to  be  962  or  greater,  the  weight  nay  be  used  without 
correction  to  calculate  the  concentration  of  the  stock 
standards  nay  be  used  at  any  concentration  if  they  are 
certified  by  the  manufacturer.  Coaaercial  standards 
aust  be  traceable  to  QiSL/LV  supplied  standards. 


V  *• 

1.4. 4. 4  Transfer  the  stock  standard  solution  into  a  Teflon-  rj, 

sealed  screw-cap  bottle.  Store,  with  alnlaal  head- 
space  at  -10*C  to  -20*C  and  protect  from  light. 


1.4. 4.5  Prepare  fresh  standards  weekly  for  the  four  gases  and  ■  *.* 
2-chloroethy 1-vinyl  ether.  All  other  standards  aust 

be  replaced  after  one  nonth,  or  sooner  if  comparison  % . 

v'* 

with  check  standards  indicate  a  problen. 


1.4.5  Secondary  dilution  standards  -  Using  stock  standard  solutions, 
prepare  secondary  dilution  standards  in  methanol  that  contain 
the  compounds  of  interest,  either  singly  or  mixed  together. 
(See  CC/MS  Calibration  in  Exhibit  E).  Secondary  dilution 
standards  should  be  stored  with  minimal  headspace  and  should 
be  checked  frequently  for  signs  of  degradation  or  evaporation, 
especially  just  prior  to  preparing  calibration  standards  from 
them. 


1.4.6  Surrogate  standard  spiking  solution.  Prepare  stock  standard 
solutions  for  toluene-d8,  p-bromof luorobenxeue ,  and  1,2- 
dichloroechane-d4  ia  methanol  as  described  in  Paragraph  1.4.4. 
Prepare  a  surrogate  standard  spiking  solution  from  these  stock 
standards  at  a  concentration  of  250  ug/10  mL  in  methanol. 


s 
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1.4.7  Purgeable  Organic  Matrix  Standard  Spiking  Solution 

1.4.7. 1  Prepare  a  spiking  solution  in  aethanol  that  contains 
the  following  compounds  at  a  concentration  of  250 
ug/10. 0  aL: 

Purgeable  Organics 

.  1 , 1— dichloroethene 
trlchloroethene 
chlorobenzene 
toluene 
benzene 

1.4. 7. 2  Matrix  spikes  also  serve  as  duplicates;  therfore,  add 
an  aliquot  of  this  solution  to  each  of  two  portions 
froa  one  sample  chosen  for  spiking. 

1.4.8  BFB  Standard  -  Prepare  a  25  ng/uL  solution  of  BFB  in  aethanol. 

1.4.9  Great  care  aust  be  taken  to  maintain  the  integrity  of  all  stan¬ 
dard  solutions.  It  is  recommended  that  all  standard  solutions 
be  stored  at  -10*C  to  -20*C  in  screw  cap  saber  bottles  with 
teflon  liners. 

1.5  Calibration 

1.5.1  Assemble  a  purge  and  trap  device  that  meets  the  specification 
in  paragraph  1.3.6.  Condition  the  trap  overnight  at  180'C  in 
the  purge  mode  with  an  inert  gas  flow  of  at  least  20  aL/min. 
Prior  to  use,  daily  condition  traps  10  minutes  while  hack¬ 
flushing  ac  180*C  with  the  column  at  220*C. 


1.5.2  Connect  the  purge  and  crap  device  to  V  gas  chromatograph. 

The  gas  chromatograph  must  be  operated  using  temperature  and 
flow  rate  parameters  equivalent  to  those  in  paragraph  1.7.  1.2 
Calibrate  rhe  purge  and  trap-CC/MS  system  using  the  internal 
standard  technique  (paragraph  1.5.3). 
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.5.3  Internal  standard  calibration  procedure.  The  three  internal 
atandards  are  bromochloromethane ,  1,4-dif luorobenzene,  and 
chlorobenzene -d5- 

1.5.3. 1  Prepare  calibration  atandarda  at  a  minimum  of  five 

concentration  levele  for  each  HSL  paraaeter.  The 
concentration  levels  are  apecified  in  Exhibit  E. 
Aqueous  atandarda  may  be  atored  up  to  24  hours,  if 
held  in  sealed  vials  with  zero  headspace  as  described 
in  paragraph  1.7.  12  not  so  atored,  they  aust  be 

discarded  after  an  hour. 

1.5. 3.2  Prepare  a  spiking  aolutlon  containing  each  of  the 
Internal  standards  using  the  procedures  described  in 
paragraphs  1.4.4  and  1.4.5.  It  is  recoaaended  that 
the  secondary  dilution  standard  be  prepared  at  a 
concentration  of  25  ug/aL  of  each  Internal  standard 
coapound.  The  addition  of  10  uL  of  this  standard 

to  5.0  aL  of  sample  or  calibration  standard  would 
be  equivalent  of  50  ug/L. 

1.5.3. 3  Analyze  each  calibration  standard,  according  to 
paragraph  1.7  adding  10  uL  of  Internal  standard 
spiking  solution  directly  to  the  syringe.  Tabulate 
the  area  response  of  the  characteristic  ions  against 
concentration  for  each  compound  and  internal  standard 
and  calculate  response  factors  (RF)  for  each  compound 
using  equation  1. 


EQ.  1 


RJ  -  X 

Af,  C* 


E-  1 0 
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Where: 

Ax  ■  Area  of  the  characteristic  ioa  for  the  compound 
to  be  measured. 

A^,  "  Area  of  the  eharacterlatic  ioa  for  the 

apedfic  Internal  atandard  from  Exhibit  E. 

Cig  •  Concentration  of  the  Internal  atandard. 

C,  •  Concentration  of  the  compound  to  be  measured. 

1.5. 3. A  The  average  reaponac  factor  (I F)  must  be  calculated 
for  all  compounda.  A  system  performance  check  must 
be  made  before  this  calibration  curve  is  used.  Five 
compounda  (the  system  performance  check  compounds) 
are  checked  for  a  minimum  average  response  factor. 

These  compounds  (the  SPCC)  are  chloromethane ,  1.1  — 
dlchloroethane,  bromofora,  1 , 1 ,2,2-tetrachloroethane, 
and  chlorobenzene.  Five  compounda  (the  calibration 
check  compounds,  CCC)  are  used  to  evaluate  the  curve. 
Calculate  the  Z  Relative  Standard  Deviation  (ZRSD) 
of  RF  values  over  the  working  range  of  the  curve. 

A  minimum  ZRSD  for  each  CCC  must  be  met  before  the 
curve  la  valid. 

ZRSD  -  Standard  deviation  x  100 

mean 

See  instructions  for  Form  VI,  Initial  Calibration 
Data  for  more  details. 

1.5. 3. 5  Check  of  the  calibration  curve  should  be  perforaec 

once  every  i2  hours..  These  criteria  are  described  in 
detail  in  the  instructions  for  Fora  VII,  Continuing 
Calibration  Check.  The  aininua  response  factor  for 
.  the  systea  performance  check  compounds  must  be  checked. 
If  this  criteria  is  aet  ,  the  response  factor  of  all 

E-U 


5/8' 


IV 


compounds  src  calculated  and  reported.  A  percent 
difference  of  the  daily  response  factor  (12  hour) 
compared  to  the  average  response  factor  from  the 
Initial  curve  is  calculated.  The  maximum  percent 
difference  allowed  for  each  compound  flagged  as 
*CCC'  in  Form  VII  Is  checked.  Only  after  both 
these  criteria  are  met  can  sample  analysis  begin. 

1.5. 3.6  Internal  standard  responses  and  retention  times  in 
all  samples  must  be  evaluated  immediately  after  or 
during  data  acquisition.  If  the  retention  time  for 
any  internal  standard  changes  by  more  than  30  seconds 
from  the  latest  daily  (12  hour)  calibration  standard, 
the  chromatographic  system  must  be  Inspected  for  mal¬ 
functions  and  corrections  made  as  required.  If  the 
extracted  ion  current  profile  (E1CP)  area  for  any 
internal  standard  changes  by  more  than  a  factor  of 
two  (-50Z  to  +100Z),  the  mass  spectrometrlc  system 
must  be  inspected  for  malfunction  and  corrections 
made  as  appropriate.  When  corrections  are  made, 
re-analysis  of  samples  analyzed  while  the  system 
was  malfunctioning  Is  necessary.  Retention  time  and 
E1CP  area  records  shall  be  maintained  in  appropriate 
form  by  the  laboratory  as  a  part  of  its  internal 
quality  control  (Exhibit  E). 

,6  GC/MS  Operating  Conditions 

1.6.1  These  performance  tests  require  the  following  instrumental 
parameters : 

Electron  Energy: 

Mass  Range: 

Scan  Time : 


70  Volts  (nominal) 

35  -  260 

to  give  at  least  5  scans  per  peak 
but  not  to  exceed  7  seconds  per  scan. 

^Uhlf  loe  ■{? 

Serve  jUMj  ' 
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.7  Sample  Analysis 

1.7.1  Water  Samples 

1.7. 1.1  All  samples  and  standard  solutions  must  be  allowed  to 
warm  to  ambient  temperature  before  analysis. 

1.7. 1.2  Recommended  operating  conditions  for  the  gas  chromato¬ 
graph  -  Column  conditions:  Carbopak  I  (60/80  mesh  with 
1Z  SP-1000  pakced  In  a  6  foot  by  2  mm  ID  glass  column 
with  helium  carrier  gas  at  a  flow  rate  of  30  mL/mln. 
Column  temperature  is  isothermal  at  45*C  for  3  minutes, 
then  programmed  at  8*C  per  minute  to  220*C  and  held 
for  13  minutes. 

1.7. 1.3  After  achieving  the  key  Ion  abundance  criteria,,  cali¬ 
brate  the  system  dally  as  described  in  Exhibit  E. 


1.7. 1.4  Adjust  the  purge  gas  (helium)  flow  rate  to  40  +  3  bl/ 

min.  Variations  from  this  flow  rate  may  be  necessary  to 
achieve  better  purging  and  collection  efficiencies  for 
some  compounds,  particularly  chloromethane  and  brocoform. 

1.7. 1.3  Remove  the  plunger  from  a  5  m L  syringe  and  attach  a 
closed  syringe  valve.  Open  the  sample  or  standard 
bottle  which  has  been  allowed  to  come  to  ambient  temper¬ 
ature,  and  carefully  pour  the  sample  into  the  syringe 
barrel  to  Just  short  of  overflowing.  Replace  the 
syringe  plunger  and  compress  the  sample.  Open  the 
syringe  valve  and  vent  any  residual  air  while  adjusting 
the  sample  volume  to  3.0  nL.  This  process  of  taking  an 
aliquot  destroys  the  validity  of  the  sample  for  future 
analysis  so  If  there  Is  only  one  V0A  vial,  the  analyst 
should  fill  a  second  syringe  at  this  time  to  protect 
against  possible  loss  of  sample  integrity.  This  second 
sample  is  maintained  only  until  such  s  time  when  the 
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analyst  hat  determined  that  tha  first  saaple  has  been 
analyzed  proparly.  Filling  ooa  20  aL  syringe  would 
allow  tha  use  of  only  one  syringe.  If  a  second 
analysis  is  needed  froa  the  20  aL  syringe,  it  aust  be 
analysed  within  2 A  hours.  Care  aust  alao  be  taken  to 
prevent  air  froa  leaking  into  the  syringe. 


1.7. 1.6  The  purgeable  organics  screening  procedure  (Section 
III,  paragraph  1.0),  If  used,  will  have  shown  the 
approxlaate  concentrations  of  aajor  saaple  components. 
If  a  dilution  of  the  saaple  was  indicated,  this 
dilution  shall  be  aade  juat  prior  to  CC/MS  analysis 
of  the  saaple. 


1.7. 1.6.1  The  following  procedure  will  allow  for 
dilutions  near  the  calculated  dilution 
factor  froa  the  screening  procedure: 


o  All  dilutions  are  aade  in  volumetric 
flasks  (10  aL  to  100  aL). 

o  Select  the  volumetric  flask  that  will 
allow  for  the  necessary  dilution.  Inter 
mediate  dilution-?  may  be  necessary  for 
extremely  large  dilutions. 

o  Calculate  the  approxlaace  volume  of 
reagent  water  which  will  be  added  to 
the  volumetric  flask  selected  and  add 
slightly  less  than  this  quantity  of 
reagent  water  to  the  flask. 

o  Inject  the  proper  aliquot  froa  the 
syringe  prepared  In  paragraph  1.7. 1.5 
into  the  volumetric  flask.  Aliquot* 
of  less  than  1  aL  Increments  are  pro- 
hiblted.  Dilute  the  flask  to  the  nark 
with  reagent  water.  Cap  the  flask. 
Invert,  and  shake  three  times. 

o  Fill  a  5  aL  syringe  with  the  diluted 
saaple  as  In  paragraph  1.7. 1.5. 
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©  If  this  is  sa  intermediate  dilution, 
us*  It  sad  repeat  show*  procedure  to 
achieve  larger  dilutions. 

1.7. 1.7  Add  10.0  ul  of  th*  surrogate  spiking  solution  (1.4.6) 
and  10.0  uL  of  th*  Internal  standard  spiking  solution 
(1.3.3. 2)  through  th*  value  hor*  of  th*  syringe,  then 
close  th*  valve.  Th*  surrogate  and  Internal  standards 
any  be  nixed  and  added  aa  a  single  spiking  solution. 

Th*  addition  of  1C  ul.  of  the  surrogate  spiking  solution 
to  5*1.  of  saapl*  la  equivalent  to  a  concentration  of 

30  ug/L  of  each  surrogate  standard. 

1.7. 1.8  Attach  th*  syringe-syringe  valve  *ss«ably  to  th* 
syringe  valve  on  th*  purging  device.  Open  th*  syringe 
valves  and  Inject  the  saapl*  Into  th*  purging  ehaab«r. 

1.7. 1.9  Close  both  valves  and  purge  th*  sa*q>le  for  12.0  ■+>  0.  1 
minutes  at  ambient  temperature. 


1.7.1.10  At  the  conclusion  of  th*  purge  time ,  attach  th*  trap 
to  th*  chroMtograph,  adjust  th*  device  to  the  desorb 
aodc,  and  begin  the  gas  chrot*cographlc  temperature 
fOgram.  Concurrently,  Introduce  the  trapped  aacerlals 
to  the  gas  chromaatographlc  column  by  rapidly  heating 
the  trap  to  180*C  while  beckflushing  the  trap  with  an 
inert  gas  between  20  and  60  ml. /min  for  four  minutes. 

If  this  rapid  beating  requirement  cannot  be  met,  the 
gas  chromatographic  column  must  be  used  aa  s  secondary 
trap  by  cooling  it  to  30*C  (or  subemblent,  if  problems 
persist)  Instead  of  the  recommended  initial  temperature 
of  45*C. 

1.7.1.11  While  th*  trap  Is  being  desorbed  Into  the  gas  chroma¬ 
tograph,  empty  the  purging  chamber.  Wash  the  chamber 
with  a  minimum  of  two  5  aL  flushes  of  reagent  water 
to  evoid  carry-over  of  pollutant  compounds. 
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1.7.1.12  After  desorbing  the  saaple  for  four  alnutea,  recondi¬ 
tion  the  trap  by  returning  the  purge  end  trap  device 
to  the  purge  node.  Wait  15  seconds  then  close  the 
syringe  valve  on  the  purging  device  to  begin  gas  flow 
through  the  trap.  The  trap  teaperature  should  be 
aaintained  at  180*C.  Trap  teaperatures  up  to  230*C 
aay  be  eaployed,  however  the  higher  teaperature  will 
shorten  the  useful  life  of  the  trap.  After  approxl- 
aately  seven  alnutes  turn  off  the  trap  heater  and 
open  the  syringe  valve  to  atop  the  gas  flow  through 
the  trap.  When  cool,  the  trap  Is  ready  for  the  next 
saaple. 

1.7.1.13  If  the  initial  analysis  of  a  saaple  o-  a  dilution  of 
a  saaple  Indicates  saturated  ions  of  HSL  coapounds, 
the  saaple  aust  be  reanalyzed  at  a  higher  dilution. 
When  a  saaple  is  analyzed  that  has  saturated  ions 
froa  a  coapound,  this  analysis  aust  be  followed  by  a 
blank  reagent  water  analysis.  If  the  blank  analysis 
is  not  free  of  interferences,  the  systea  aust  be 
deeontaalnated.  Saaple  analysis  aay  not  resuae  until 
a  blank  can  be  analyzed  that  is  free  of  interferences 

1.7.1.14  For  low  and  aedlua  level  water  saaples,  add  10  uL 
of  the  aatrlx  spike  solution  (1.4.7)  to  the  5mL  of 
saaple  purged.  Disregarding  any  dilutions,  this  is 
equivalent  to  a  concentration  of  50  ug/L  of  each 
aatrlx  spike  standard. 

1.7.1.15  All  dilutions  aust  keep  the  response  of  the  major 
constituents  (previously  saturated  peaks)  In  the 
upper  half  of  the  linear  range  of  the  curve. 
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1.7.2  Sediaent/Soll  Staple* 

Two  approaches  may  b*  taken  to  determine  whether  the  low  level 
or  medium  level  aethod  may  be  followed. 


o  Assume  the  aaaple  la  low  level  and  analyze  a  5  gram  aaaple 
o  Use  the  X  factor  calculated  froa  the  optional  Hexadecane 
acreen  (Section  Ill),  paragraph  1.7.2. 1.3 


If/fp-eaka  are  saturated  froa  the  analysis  of  a  5  graa  aaaple, 
a  aaaller  aaaple  alze  aust  be  analyzed  to  prevent  saturation. 
However,  the  saallest  saaple  size  permitted  la  1  ga.  If  smaller, 
than  1  graa  saaple  size  la  needed  to  prevent  saturation,  the 
aedlua  level  aethod  aust  be.  used. 


1.7.2. 1  Low  Level  Method 

The  low  level  aethod  Is  based  on  purging  a  heated 
sediment /soil  saaple  mixed  with  reagent  water 
containing  the  surrogate  and  internal  standards. 

Use  5  graas  of  saaple  or  use  the  X  Factor  to  determine 
the  saaple  size  for  purging. 


o  If  the  X  Factor  is  3  (no  peaks  noted  on  the 
hexadecane  screen),  analyte  a  5  gm  saaple. 
o  If  the  X  Factor  is  between  0  and  1.0,  analyze 
a  1  ga  saaple. 

i. 7. 2.  1.1  The  GC/M5  system  should  be  set  up  as  in 
1.7.:.:  -  1.7. 1.4.  This  should  be  done 
prior  Co  tne  preparation  of  the  sample 
to  svold  loss  of  volatiles  from  standards 
and  sample. 


ke  v  : 
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1.7. 2. 1.2  leaove  the  plunger  from  a  5  aL  "Luerlock" 
t ype  syringe  equipped  with  a  syringe  valv* 
and  fill  until  overflowing  with  reagent 
water.  Keplaee  the  plunger  and  compress 
the  water  to  vent  trapped  air.  Adjust  the 
voluae  to  5.0  aL.  Add  10  uL  each  of  the 
aurrogate  spiting  solution  <1.4.6)  and  the 
Internal  atandard  solution  to  the  ayringe 
through  the  valve.  (Surrogate  spiking 
solution  and  Internal  standard  solution  aay 
be  nixed  together).  The  addition  of  10  uL 
of  the  aurrogate  spiking  solution  to  5  gm 
of  sedlaent/  soil  is  equivalent  to  50  ug/kg 
of  each  surrogate  standard. 

1.7. 2. 1.3  The  saapla  (for  volatile  organics)  consists 
of  the  entire  contents  of  the  saarple  con¬ 
tainer.  Do  not  discard  any  supernatant 
liquids.  Hlx  the  contents  of  the  saaple 
container  with  a  narrow  weal  spatula. 

Weigh  the  aaount  determined  in  1.7. 2.1  into 
a  tared  purge  device.  Use  a  top  loading 

i  balance.  Note  and  record  the  actual  weight 

to  the  nearest  0.1  gs. 


1.7. 2. 1.3.1  Immediately  after  weighing  the 
sample  weigh  3-10  g  of  the 
sedlaent  Into  a  tared  crucible. 
Determine  the  percent  aoisture 
by  drying  overnight  at  105*C. 
Allow  to  cool  In  a  desiccator 
bef ore  weighing,.  Concentrations 
of  individual  analytes  will  be 
reported  relative  to  the  dry 
weight  of  sedlaent. 
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Percent  moisture 
JSE_  of  »aKpIe~ga  of  dry  sample 

go  of  sample  X  10U  -  X  moisture 

1.7. 2. 1.4  Add  the  spiked  reagent  water  to  the  purge 
device  and  connect  the  device  to  the  purge 
and  trap  system.  NOTE:  Steps  1.7. 2. 1.2  - 
1.7. 2. 1.3,  prior  to  the  attachment  of  the 
purge  device,  must  be  performed  rapidly  to 
avoid  loss  of  volatile  organics.  These 
steps  must  be  performed  in  a  laboratory  free 
of  aolvenc  fumes. 


1.7. 2. 1.5  Heat  the  sample  to  40*C  +  1*C  and  purge  the 
sample  for  12  +  0.1  minutes. 

1.7. 2. 1.6  Proceed  with  the  analysis  as  outlined  in 
1.7.1.10  -  1.7.1.13.  Use  5  mL  of  the 
same  reagent  water  as  the  reagent  blank. 

1.7. 2. 1.7  For  low  level  sediment /soils  add  10  uL  of 
the  matrix  spike  solution  (1.4.7)  to  the  5 
mL  of  water  (1.7. 2. 1.2).  The  concentration 
for  a  5  gram  sample  would  be  equivalent  to 
50  ug/kg  of  each  matrix  spike  standard. 


1.7. 2. 2  Medium  Level  Method 

The  medium  level  method  is  based  on  extracting  the  sedi¬ 
ment  ''soil  sample  with  methanol.  An  aliquot  of  the  meth¬ 
anol  extract  is  added  to  reagent  water  containing  the 
surrogate  and  internal  standards.  This  is  purged  ac 
ambient  temperature.  All  samples  with  an  X  Factor  >1.0 
should  be  analyzed  by  the  medium  level  method.  If  sat¬ 
urated  peaks  occurred  or  would  occur  when  a  1  gram  sam¬ 
ple  was  analyzes,  the  medium  level  method  oust  be  used. 
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1.7. 2. 2.1  The  tuple  (for  volatile  organic*) 

consist*  of  the  entire  content*  of  the 
saaple  container.  Do  not  discard  any 
supernatant  liquids.  Mix  the  concents 
of  the  saaple  container  with  *  narrow 
aetal  spatula.  Weigh  4  go  (wet  weight) 
into  a  tared  15  aL  vial.  Use  a  top 


loading  balance.  Note  a  nd  record  the 
actual  weight  to  the  nearest  0.1  ga. 
Determine  the  percent  aolature  as  in 
1.7. 2. 1.3.1. 

1.7. 2. 2. 2  Quickly  add  9.0  aL  of  asthanol,  then 
1.0  aL  of  the  surrogate  spiking  solution 
to  the  vial.  Cap  and  shake  for  2  alnutes. 
NOTE:  Steps  1.7. 2. 2.1  *nd  1.7. 2. 2. 2  aust 
be  performed  rapidly  co  avoid  loss  of 
volatile  organics.  Theue  steps  aust  be 
performed  in  a  laboratory  free  of  solvent 
fumes. 

1.7. 2. 2. 3  Pipette  for  storage  approximately  1  aL  of 
extract  to  a  GC  vial  using  a  disposable 
pipec.  The  remainder  may  be  disposed  of. 
Transfer  approximately  1  mL  of  the 
reagent  methanol  to  a  GC  vial  for  use 

as  the  method  blank  for  each  case  or 
sec  of  20  samples,  whichever  is  greater. 
These  extracts  may  be  Stored  in  the  dark 
at  4#C  prior  to  analysis. 
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The  addition  of  a  100  uL  aliquot  of  each 
of  these  extracts  in  paragraph  1.7. 2. 2.6 
will  give  a  concentration  equivalent  to 
6,200  ug/kg  of  each  surrogate  standard. 

1.7. 2. 2. 4  The  GC/MS  system  should  be  set  up  as  In 

1.7. 1.2  -  1.7. 1.4,  This  should  be  done 
prior  to  the  addition  of  the  aethanol 
extract  to  reagent  water. 

1.7. 2. 2. 5  The  following  table  can  be  used  to  deter¬ 
mine  the  volume  of  aethanol  extract  to 
add  to  the  5  aL  of  reagent  water  for 
analysis.  If  the  Hexadecane  screen 
procedure  was  followed  use  the  X  factor 
(Option  B)  or  the  estlaaced  concentration 
(Option  A)  to  determine  the  appropriate 
voluae.  Otherwise,  estlaate  the  concen¬ 
tration  range  of  the  sample  from  the  low 
level  analysis  to  determine  the  appropriate 
voluae.  If  the  sample  was  submitted  as  a 
medium  level  sample,  start  with  100  uL. 

All  dilutions  must  keep  the  response  of 

the  major  constituents  (previously  saturated 
peaks)  in  the  upper  half  of  linear  range 
of  the  curve. 
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Estimated 


Take  this  Volume  of 


X  Factor 

Concentration  Range*/ 

Hethanol  Extract2/ 

ug/kg 

uL 

0.25  -  5.0 

500  -  10,000 

100 

0.5  -  10.0 

1000  -  20,000 

50 

2.5  -  50.0 

5000  -  100,000 

10 

12.5  -  250 

25,000  -  500,000 

100  of  1/50  dilution^/ 

Calculate  appropriate  dilution  factor  for  concent rat Iona  exceeding  the  table. 

1/  Actual  concentration  ranges  could  be  10  to  20  times  higher  than  this  If 
the  compounds  are  halogenated  and  the  estimates  are  from  CC/F1D. 

2/  The  volume  of  methanol  added  to  the  5  mi.  of  water  being  purged  should  be 
kept  constant.  Therefore,  add  to  the  5  mL  syringe  whatever  volume  of 
methanol  la  necessary  to  maintain  a  volume  of  100  uL  added  to  the  syringe. 

3/  Dilute  an  aliquot  of  the  methanol  extract  and  then  take  100  uL  for 
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1.7. 2. 2.6  Remove  the  plunger  froo  t  5  al  “Luerlock" 
type  syringe  equipped  with  a  syringe  valve 
and  fill  until  overflowing  with  reagent 
water.  Replace  the  plunger  and  compress 
the  water  to  vent  trapped  air.  Adjust  the 
volume  to  4.9  mL.  Pull  the  plunger  back 
to  3  sL  to  allow  volume  for  the  addition 
of  sample  and  standards.  Add  10  uL  of  the 
Internal  standard  solution.  Also  add  the 
volume  of  methanol  extract  determined  In 
1.7.2.2.S  and  a  volume  of  methanol  solvent 
to  total  100  uL  (excluding  methanol  In 
standards). 


1.7. 2. 2. 7  Attacn  the  syringe-syringe  valve  assembly 
to  the  syringe  valve  or  the  purging  device. 
Open  the  syringe  valve  and  Inject  the  water/ 
methanol  sample  Into  the  purging  chamber. 

1.7. 2. 2. 8  Proceed  with  the  analysis  as  outlined  In 
1.7. 1.9  -  1.7.1.13.  Analyte  all  reagent 
blanks  on  the  same  Instrument  as  the  sam¬ 
ples  .  The  standards  should  also  contain 
100  uL  of  methanol  to  simulate  the  sample 
conditions . 

1.7. 2. 2. 9  For  s  matrix  spike  in  the  medium  level  sed- 
Iment /soil  samples,  add  8.0  mL  of  methanol, 
1.0  mL  -of  surrogate  spike  solution  (1.4.6), 
and  1.0  mL  of  matrix  spike  solution  (1.4.7) 
in  paragraph  1.7. 1. 2. 2.  This  results  in  a 
6,200  ug/kg  concentration  of  each  macrlx 
spike  standard  when  added  to  a  4  gm  sample. 
Add  a  100  uL  aliquot  of  this  extracc  to  5  mL 
of  water  for  purging  (as  per  paragraph 

1.7. 2. 2. 6). 
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1.8.1  The  target  compounds  listed  In  the  Hazardous  Substances  List 

(HSL).  Exhibit  C,  shall  be  Identified  by  an  analyst  competent  in 
the  Interpretation  of  mass  spectra  (see  Bidder  Pre-Award  Labora¬ 
tory  Evaluation  Criteria)  by  comparison  of  the  sample  mass  spec¬ 
tra  to  the  mass  spectrum  of  a  standard  of  the  suspected  compound. 
Two  criteria  sust  be  satisfied  to  verify  the  identifications:  (1) 
elution  of  the  sample  component  at  the  same  GC  relative  retention 
time  as  the  standard  component,  and  (2)  correspondence  of  the 
sample  component  and  standard  component  mass  spectra. 

1.8. 1.1  Por  establishing  correspondence  of  the  GC  relative 
retention  time  (RET),  the  sample  component  RET  must  com¬ 
pare  within  +  0.C6  RET  units  of  the  RET  of  the  standard 
component.  For  reference,  the  standard  must  be  run  on 
the  same  shift  as  the  sample.  If  coelution  of  Interfer¬ 
ing  components  prohibits  accurate  assignment  of  the  sam¬ 
ple  component  RET  from  the  total  Ion  chromatogram,  the 
RRT  should  be  assigned  by  using  extracted  ion  current 

'  profiles  for  Ions  unique  to  the  component  of  interest. 

1.8. 1.2  For  comparison  of  standard  and  sample  component  mass 
spectra,  mass  spectra  obtained  on  the  contractor’s  GC/ 

MS  are  required.  Once  obtained,  these  standard  spectra 
may  be  used  for  identification  purposes,  only  if  the 
contractor's  GC/MS  meets  the  dally  turning  requirements 
for  BFB  or  DFTPP.  Theee  standard  spectra  may  be 
obtained  from  the  run  used  to  obtain  reference  RRTs. 

1.8. 1.3  The  requirements  for  qualitative  verification  by 
'comparison  of  mass  spectra  are  as  follows: 

(1)  All  ions  present  In  the  standard  mass  spectra  at 
a  relative  intensity  greater  than  10  Z  \most  abundant 
ion  in  the  spectrum  equals  1005)  must  be  present  In 
the  sample  spectrum. 
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(2)  The  relative  intensities  of  Iona  specified  in  (1) 
sust  agree  within  plus  or  sinus  2GZ  between  the  stan¬ 
dard  and  aaaple  spectra.  (Example:  For  an  ion  with 
an  abundance  of  502  in  the  standu.'d  spectra,  the 
corresponding  saaple  abundance  swat  be  between  30 
and  70  percent). 

(3)  Ions  greater  than  102  in  the  saaple  spectrum  but 
not  present  in  the  standard  spectrum  must  be  consid¬ 
ered  and  accounted  for  by  the  analyst  making  the 
comparison.  In  Task  III,  the  verification  process 
should  favor  false  negatives. 

8.2  A  library  search  shall  be  executed  for  Ncm-HSL  saaple  components 
for  the  purpose  of  tentative  identification.  For  this  purpose, 
the  most  recent  available  version  of  the  EPA/NIH  Hass  Spectral 
Library  shall  be  used.  Computer  generated  library  search  rou-  . 
tines  should  not  use  normalization  routines  that  would  misrepre¬ 
sent  the  library  or  unknown  spectra  when  compared  to  each  ocher. 

1.8. 2.1  Up  to  10  substances  of  greatest  apparent  concentra¬ 
tion  not  listed  in  Exhibit  C  for  the  purgeable  organic 
fraction  shall  be  tentatively  Identified  via  a  forward 
search  of  the  EPA/NIH  mass  spectral  library.  (Sub¬ 
stances  with  responses  less  than  102  of  the  internal 
standard  are  not  required  to  be  searched  in  this 
fashion).  Only  after  visual  comparison  of  sample 
spectra  with  the  nearest  library  searches  will  the  mass 
spectral  Interpretation  specialist  assign  a  tentative 
identification. 

1.8. 2. 2  Guidelines  for  making  tentative  Identification:  (1) 
Relative  Intensities  of  major  Iona  In  the  reference 
spectrum  (Ions  greater  than  10*  of  the  most  abundant 
Ion)  should  be  present  In  the  sample  spectrum. 
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(2)  The  relative  Intensities  of  the  major  Ions  should 
agree  within  +  202.  (Example:  For  an  Ion  with  an 
abundance  of  SO  percent  of  the  standard  spectra,  the 
corresponding  sample  Ion  abundance  aust  be  between  30 
and  70  percent.) 

(3)  Molecular  Ions  present  In  reference  spectrum 
should  be  present  In  saaple  spectrum. 

(4)  Iona  present  in  the  saaple  spectra  but  not  In 
the  reference  spectrum  should  be  reviewed  for  possible 
background  contamination  or  presence  of  co-elutlng 
compounds. 

(5)  Ions  present  In  the  reference  spectrum  but  not  In 
the  sample  spectrum  should  be  reviewed  for  possible 
subtraction  from  the  sample  spectrum  because  of  back¬ 
ground  contamination  or  co-elutlng  compounds.  Data 
system  library  reduction  programs  can  sometimes 
create  these  discrepancies. 

1.8. 2. 3  If  in  the  opinion  of  the  mass  spectral  specialist, 
no  valid  tentative  Identification  can  be  made,  the 
compound  should  be  reported  as  unknown.  The  mass 
spectral  specialist  should  give  additional  classif¬ 
ication  of  the  unknown  compound.  If  possible  (i.e. 
unknown  aromatic,  unknown  hydrocarbon,  unknown  acid 
type,  unknown  chlorinated  compound).  If  probable 
molecular  weights  can  be  distinguished,  include  them. 

Quantitative  Analysis 

1.9.1  HSL  components  Identified  shall  be  quantified  by  the  internal 
standard  method.  The  internal  standard  used  shall  be  the  one 
nearest  the  retention  time  to  that  of  a  given  analyte.  The 


E1CP  area  of  che 


characteristic  Iona  of  analytes  listed  in 


Tables  2  and  3  are  used.  The  response  factor  (RJF)  from  the 


dally  standard  a 
in  Che  sample, 
graph  1.3. 3. 3  anS 


nalysis  is  used  to  calculate  the  concentration 
Use  che  response  factor  as  deteral  red  in  pars¬ 
er  the  following  equations: 


Water  (low  and  medium  ’.vel) 


Concentration 

Whe  re : 

-  Area  of  tHi 
taeasured 

Ais  “  Area  of  tii 
standard  f 


18  “  Aaount  of 


VQ  ■  Volume  of 


(Ax)(ls) 


ug /L  -  (Ais)(8I')(V0) 


e  characteristic  ion  for  the  compound  to  be 


e  characteristic  ion  for  the  specific  Internal 
rom  Exhibit  E. 

internal  standard  added  in  nanograms  (ng) 


water  purged  in  milliliters  (mL)  (take  into 
account  any  dilutions) 


Sediment /Soil  (medium  level) 


Concentration  ug/kg 

Sediment/Soil  (low  level) 

Concentration  j  ug/kg 

I 

| 

(Dry  weight  basils) 

Where: 

Ax>  Ais 


-  (Ax)as)(Vt) 

(Als)(Rf)(V1)(WB)(D) 


(a»)(i8) 

(A1s)(RF)(W8)(D) 


»  same  as  for  water,  above 


D 


-  Volume  of  total  extract  (uL)  (use  10,000  uL 
or  a  factor  of  this  when  dilutions  are  made) 

-  Volume  of  extract  added  (uL)  for  purging 

»  100  -  T  moisture 

100 


Weight  of  sample  extracted  (gm)  or  purged 


9.2  An  tidutid  concentration  for  Noa-HSL  components  tsntstlvely 
identified  shall  be  quantified  by  tha  Internal  standard  act hod. 
For  quantification,  the  nearest  Internal  standard  free  of  lnter- 
f creccs  shall  be  used. 

1.9.2. 1  The  formula  for  calculating  concentrations  Is  the 
sane  as  in  paragraph  1.9.1.  Total  area  counts'  from 
the  total  Ion  chr omatograas  are  to  be  used  for  both 
the  compound  to  be  Measured  and  the  Internal  standard. 

A  response  factor  (BJF)  of  ooe  (1)  Is  to  be  assumed. 

The  value  froe  this  quantitation  shall  be  qualified 

as  estimated.  This  estlaated  concentration  should  be 
calculated  for  ell  tentatively  identified  coarpounds 
ss  well  as  those  identified  as  unknowns. 

1.9. 2. 2  Xylenes  (o.a,  A  p  -  laoeera)  are  to  be  reported  ss 
total  Xylenes.  Since  o~  and  p-Xylene  overlap,  the 
Xylenes  eust  be  quantitated  versus  e-Xylene.  Tne 
concentration  ot  all  Xylene  Isomers  eust  be  added 

'  together  to  give  the  total. 

9.3  Calculate  surrogate  standard  recovery  on  all  saaples,  blanks 
and  spikes.  Determine  if  recovery  is  within  limits  and  report 
on  appropriate  fora. 

1.9.3.1  Calculation  for  surrogate  recovery. 

Percent  Surrogate  Recovery  «  £d_  X  100X 

r\ 

wnere:  0^  ”  quantity  determined  by.  analysis 

0,  "  quantity  added  to  sample 
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1.9. 3. 2  If  recovery  1*-  not  within  Halt*,  the  following  It 

required: 

o  Cheek  to  be  sure  there  ere  no  errors  In  calcula¬ 
tions.  surrogate  solutions  and  Internal  standards. 
Also,  check  Instrument  performance. 

o  Recalculate  the  sample  data  if  any  of  Che  above 
checks  reveal  a  problem. 

o  Reanalyze  the  sample  If  none  of  Che  above  are  a 
problem. 

o  Report  the  data  from  both  analyses  along  with 
the  surrogate  dace  from  both. 


Table  2 

Characteristic  Ions  for  Surrogate  and 
Internal  Standards  for  Volatile  Organic  Compounds 


Coapounc 

Primary  Ion 

Secondary  Ion( *  ) 

SCKROCATE  STANDARDS 

luorobenzene 

95 

175.  176 

*  ,  1-^:  : 

53 

10: 

7 j I yen*  3-s 

9c 

'j,  i'J1. 

1  > .  r.  A_^  S.AN.>AjOS 

flr oaoch  1  jr  otne  •.nans 

i  2  3 

59.  130.  31 

1  . v-Dlfluoro benzene 

:i  * 

t>3 ,  68 

Ch. jru benzene  d  -  5 

•  «  ; 

a  2  119 

IV 


Tabic  3 

Characteristic  Ions  for  Volatile  HSL  Compounds 


Parameter 

Primary  Ion* 

Secondary  lon(s) 

Chlorotmechane 

50 

52 

Bromome thane 

94 

9b 

Vinyl  chloride 

62 

64 

Chioroethane 

64 

66 

Methylene  chloride 

84 

49.  51,  86 

Acccone 

43 

58 

Carbon  disulfide 

76 

78 

1 , 1-Olchloroethene 

96 

61.  98 

1 , 1-Dlchloroethane 

63 

65.  83,  85,  98.  100 

t rans-1 , 2-Dlchloro«thene 

96 

61.  98 

Chloroform 

83 

85 

1 , 2-01  chi or oe thane 

62 

64,  100 ,  98 

2-Butanonc 

72 

57 

1 , 1  , 1-Trichloroethan* 

97 

99.  117,  119 

Carbon  tetrachloride 

117 

119.  121 

Vinyl  acetate 

43 

86 

Br  omod  1  chi  or  oete  thane 

83 

85,  129 

1,1,2, 2-Te t rachl or oe thane 

83 

85.  131 .  133.  16b 

1 ,2-Dlchloropropane 

63 

65,'  114  . 

trans-1 , 3-Dichloropropene 

75 

77 

Trlchloroethene 

130 

95,  97,  132 

D1 bromochl or ome thane 

129 

208,  206 

1  , 1 ,2-Trl chioroethane 

97 

83,  85,  99.  132,  134 

Benzene 

78 

- 

cls-1 , 3-0ichloropropene 

75 

77 

2-Chloroethy 1  vinyl  etner 

63 

65.  106 

Br  oaof  ora 

173 

171.  175,  25o.  252 ,  25-.  25e 

2-He xanone 

43 

58.  57.  100 

4-Methy  1  -2 -pen t  anone 

43 

58.  100 

Tet rachl or oe the ne 

16- 

129.  131,  166 

Toluene 

9: 

91 

Chlorobenzene 

112 

i  1  - 

Etny  1  benzene 

■  lun 

91 

Styrene 

; .  - 

*  ■ ,  ; .  i 

Total  xylenes 

106 

9; 

*  The  primary  ion  should  be  used  unless  Inter!  erences  are  present.  lr.  which 
case,  a  secondary  ion  Bay  be  used. 
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FUHGI  INLET  FITTING 


Figure  5.  low  Soli*  Iapinger 


2.  GC/HS  tailrili  of  Extractablea  (Base/Neutrala  and  Acids) 


try  of  Method 


This  method  Is  to  be  used  for  the  GC/MS  analysis  of  extractable  extracts 
screened  by  Section  111  protocols  and  for  confirmation  of  pestlcides/PCBs 
identified  by  CC/EC,  if  concentrations  permit. 

Apparatus  and  Materials 

2.2.1  Gas  chroma tograph/masa  spectrometer  system. 

2.2.1. 1  Gas  chromatograph  -  An  analytical  system  complete  with 
a  temperature  programable  gas  chromatograph  suitable 
for  aplitless  infection  and  all  required  accessories 
including  syringes,  analytical  columns,  and  gases. 

2.2.  1.2  Column  -  30  a  x  0. 25  mm  ID  (or  0.32  mm)  bonded-phase 
silicone  coated  fused  silica  capillary  column  (JAW 
Scientific  DB-5  or  equivalent).  A  film  thickness 
of  1.0  micron  is  recommended  because  of  its  larger 
capacity.  A  film  thickness  of  0.25  micron  may  be  used. 


2.2. 1.3  Mass  Spectrometer  -  Capable  of  scanning  from  35  to  500 

iau  every  1  second  or  less,  utilizing  70  volts  (nominal) 
electron  energy  la  th  electron  impact  ionization  mode 
and  producing  a  mss  spectrum  which  meets  all  required 
criteria  when  50  ag  of  decaf luorot riphenylphosphine 
(DfTPP)  is  injected  through  the  GC  inlet. 

MOTE:  DF7PP  criteria  must  be  met  before  any  sample 

extracts  are  analyzed.  Any  samples  analyzed  when 
DFTPP  criteria  have  not  been  net  will  require 
reanalysls  at  no  cost  to  the  Government. 
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RESEARCH  REPORTING  SERIES 


Research  reports  of  the  Office  of  Research  and  Development.  U  S  Environmental 
Protection  Agency,  have  been  grouped  into  nine  series.  These  nine  broad  cate¬ 
gories  were  established  to  facilitate  further  development  and  application  of 
environmental  technology.  Elimination  of  traditional  grouping  was  consciously 
planned  to  foster  technology  transfer  and  a  maximum  interface  m  related  fields 
The  nine  series  are: 

1.  Environmental  Health  Effects  Research 

2.  Environmental  Protection  Technology 

3.  Ecological  Research 

4.  Environmental  Monitoring 

5.  Socioeconomic  Environmental  Studies 

6  Scientific  and  Technical  Assessment  Reports  (STAR) 

7.  Interagency  Energy-Environment  Research  and  Development 

8.  "Special"  Reports 

9  Miscellaneous  Reports 

This  report  has  been  assigned  to  the  SPECIAL  REPORTS  senes  This  ser.es  is 
reserved  for  reports  which  are  intended  to  meet  the  technical  information  needs 
of  soecilically  targeted  user  groups  Reports  m  this  series  mcluae  Problem  Orient¬ 
ed  Reports.  Research  Application  Reports,  and  Executive  Summary  Documents 
Typical  of  these  reports  include  state-o(-the-art  analyses,  technology  assess¬ 
ments.  reports  on  the  results  ol  maior  research  and  development  efforts,  design 
manuals,  and  user  manuals. 
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FOREWORD 


This  report  has  been  produced  by  EPA’s  Office  of  Research  and  Development 
as  part  of  ongoing  studies  in  support  of  engineering  research  and  regulatory 
programs  Including  EPA's  Office  of  Solid  Waste,  EPA  Regional  Offices,  and 
appropriate  State  Agencies.  The  document  contains  state-of-the-art 
operating  protocols  for  sampling  and  analysis  of  volatile  organic 
constituents  of  flue  gases  from  hazardous  waste  incinerators  or  other 
similar  combustor  systems.  It  is  intended  as  a  reference  to  be  used  for 
guidance  by  personnel  of  the  regulatory  groups,  personnel  associated  with 
engineering  RAD,  and  the  regulated  community. 

Publication  of  this  report  does  not  constitute  official  designation  as  an 
EPA  method.  Official  test  methods  for  hazardous  waste  related  programs 
are  published  in  SW-846  "Tests  Methods  for  Evaluating  Solid  Waste,"  as 
well  as  in  the  Federal  Register. 
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INTRODUCTION 


The  Resource  Conservation  and  Recovery  Act  (RCRA)  requires 
that  owners/operators  of  facilities  which  treat  hazardous  waste 
by  incineration  ensure  that  the  incinerators  are  operated  in  a 
manner  which  does  not  endanyer  human  health  or  the  environment 
(1,2).  The  Code  of  Federal  Regulation,  Title  40,  Part  264, 
requires  that  a  destruction  and  removal  efficiency  (DRE)  of  99.99 
percent  be  achieved  for  each  principal  organic  hazardous  constit¬ 
uent  (POHC)  designated  in  the  Trial  Burn  Permit  (3).  The  DRE 
standard  implicitly  requires  sampling  and  analysis  to  quantify 
POHCs  in  the  waste  feed  material  and  stack  gas  effluent.  The 
"Sampling  and  Analysis  Methods  for  Hazardous  Waste  Combustion" 
manual  (method  manual)  provides  information  on  methods  that  are 
applicable  for  collection  and  analyses  of  POHCs  in  process  streams 
of  hazardous  waste  incinerator  units  (4). 

The  methods  manual  identifies  three  possible  methods  for 
the  collection  of  volatile  organics  (those  with  boiling  points 
<100°C) .  The  methods  include  bag,  glass  bulb,  and  the  Volatile 
Organic  Sampling  Train  (VOST) .  Evaluation  of  the  bags  and  bulbs 
indicates  that  these  sampling  systems  are  subject  to  a  numoer  of 
technical  problems.  The  most  important  of  these  problems  is  the 
inadequate  sensitivity  for  detection  of  POHCs  present  in  low 
concentrations. 

The  VOST  provides  increased  sensitivity  to  low  level  concen¬ 
tration  of  volatile  POHCs  due  to  the  ability  to  concentrate  the 
gaseous  effluent.  The  results  of  laboratory  evaluation  and  field 
application  of  the  VOST  have  shown  that  it  provides  sufficient 
sensitivity  to  permit  calculation  of  a  DRE  equal  to  or  greater 
than  99.99  percent  for  volatile  POHCs  which  are  present  in  the 
waste  feed  at  100  yg/g  (5). 

The  methods  manual  identifies  the  VOST  as  a  suitable  sampling 
system  for  volatile  organics  and  includes  a  paper  describing  the 
VOST  (5) .  A  detailed  protocol  was  not  included  in  the  methods 
manual  due  to  the  fact  that  this  is  outside  the  scope  of  the  docu¬ 
ment.  Since  the  VOST  is  new  technology,  it  is  felt  a  protocol 
should  be  made  available. 

The  purpose  of  this  protocol  is  to  provide  a  standard  operat¬ 
ing  procedure  to  users  of  the  VOST  in  the  collection  and  analysis 
of  samples  for  volatile  POHCs  in  the  gaseous  effluents  of  hazard¬ 
ous  waste  incinerators  or  gaseous  effluents  of  hazardous  waste 
co-fired  combustion  processes.  The  protocol  is  presented  in  two 
parts.  Part  A  describes  the  key  components  of  the  VOST  train,  and 
the  procedure  for  sample  collection  using  VOST.  Part  B  describes 
the  procedures  for  analysis  of  VOST  sorbent  cartridges  for  vola¬ 
tile  POHCs  using  purge-trap -desorb  gas  chromatography/mass 
spectrometry  (P-T-D  GC/MS). 
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ABSTRACT 


This  document  provides  a  state-of-the-art  operating  protocol 
for  sampling  and  analysis  of  volatile  organic  constituents  of  flue 
gas  from  hazardous  waste  incinerators  or  other  similar  combustion 
systems  using  the  Volatile  Organic  Sampling  Train  (VOST).  It  is 
intended  to  be  used  for  guidance  by  personnel 'of  the  regulatory 
groups,  personnel  associated  with  engineering  Research  and 
Development,  an  dthe  regulated  community. 

The  vost  is  designed  to  extract  and  concentrate  volatile 
organic  compounds  (boiling  £100*0  from  stack  gas  effluents.  The 
concentrated  organics  are  analyzed  by  procedures  chosen  to  be 
compatible  with  the  VOST  in  order  to  obtain  flue  gas  concentration 
levels..  This  information  is  necessary  to  perform  destruction  and 
removal  efficiency  (DRE)  calculations  for  incinerator  operations. 
The  results  of  laboratory  evaluation  and  field  use  of  the  VOST 
have  shown  that  the  VOST  provides  sufficient  sensitivity  to  permit 
calculation  of  a  DRE  equal  to  or  greater  than  99.99-  percent  for 
volatile  organics  present  in  the  waste  feed  at  100  ug/g. 

The  VOST  is  directly  applicable  to  organic  compounds  with 
boiling  points  of  30°  to  100°C.  Many  oryanic  compounds  with  boil¬ 
ing  points  less  than  30“C,  or  with  boiling  points  in  the  100“  to 
1 50° C  range,  may  also  be  collected  and  analyzed  by  this  method. 
Field  application  of  the  VOST  for  compounds  with  boiling  points 
outside  the  30“  to  100°C  range  should  be  attempted  only  after 
laboratory  evaluation  of  the  collection  and  recovery  efficiencies 
of  the  specific  compounds. 

The  document  is  presented  in  two  parts.  Part  A  describes  the 
key  components  of  the  tt  ’n,  the  procedures  for  preparation  of  the 
sorbent  materials,  and  procedures  for  sample  collection  using  the 
VOST.  Part  3  describes  the  procedures  for  analysis  of  VOST 
sorbent  cartridges  for  volatile  principal  organic  hazardous 
constituents  (POHCs)  using  purge-trap-desorb  gas  chromatography/ 
mass  spectrometry  (P-T-D  GC/MS).  Quality  control  procedures  are 
presented  in  both  Sections  A  and  B. 


PART  A 


SAMPLE  COLLECTION  FOR  THE  DETERMINATION  OF  THE  EMISSIONS  Ob' 
VOLATILE  ORGANIC  COMPOUNDS  FROM 
HAZARDOUS  WASTE  INCINERATORS 

1.  SCOPE  AND  APPLICABILITY 

1.1  This  protocol  describes  the  method  of  collection  of  volatile 
principal  organic  hazardous  constituents  (POHCs)  from  the  stack 
gas  effluents  of  hazardous  waste  incinerators.  This  method  is 
applicable  to  compounds  with  boiling  points  in  the  range  of  30a  to 
100°C.  If  the  boiling  point  of  a  POHC  of  interest  is  less  than 
3Q°C,  the  POHC  may  breakthrough  the  sorbent  under  the  conditions 
of  the  sample  collection  procedure.  Field  application  for  POHCs 
of  this  type  should  be  supported  by  laboratory  data  which  demon¬ 
strates  the  efficiency  of  a  volatile  orgainic  sampling  trai'i  (VCST) 
to  collect  POHCs  with  boiling  points  less  than  30°C  (Part  B, 
Section  7).  The  col lect ion  of  organic  compounds  with  low  boiling 
points  may  require  using  reduced  sample  volumes  collected  at  flow 
rates  between  250  and  500  milliliters  per  minute  (ml/min).  Many  ■ 
compounds  which  boil  in  the  range  of  100®  to  150°C  (e.g.,  cnloro- 
benzene,  ethylbenzene,  te  tr3chloroethane  ,!  bromoform)  may  be  effi¬ 
ciently  collected  and  analyzed  using  thi^  method.  VOST  recovery 
efficiencies  for  these  comoounds  should  also  be  demonstrated, 
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where  necessary,  by  laboratory  data  of  the  type  described  above 
(Part  B ,  Sect  ion  7 ) . 


1.2  This  method  is  applicable  to  the  determination  of  volatile 
POHCs  in  the  stack  gas  effluent  of  hazardous  waste  incinerators 
and  other  similar  combustion  systems.  This  method  is  designed  for 
use  in  calculating  the  destruction  and  removal  efficiency  (DRE) 
for  the  volatile  POHCs.  The  method  provides  sufficient  precision 
and  accuracy  to  enable  the  calculation  of  DRE  values  equal  to  or 
greater  than  99.99  percent  (5). 

1.3  The  sensitivity  of  this  method  is  dependent  upon  the  level  of 
interferences  in  the  sample  and  the  presence  of  detectable  levels 
of  volatile  POHCs  in  blanks.  The  target  detection  limit  of  this 
method  is  0.1  micrograms  per  cubic  meter  (ug/m3)  [0.1  nanograms 
per  liter  (ng/l)l  of  flue  gas  which  permit  calculation  of  a  DRE 
equal  to  or  greater  than  99.99  percent  for  those  volatile  POHCs 
which  may  be  present  in  the  waste  feed  stream  at  100  parts  per 
million  (ppm).  Laboratory  development  data  (5)  have  demonstrated 

a  range  of  0.1  to  100  ug/m3  (0.1  to  100  ng/1)  for  selected 
volatile  POHCs . 

1.4  The  ranye  of  applicability  for  this  method  is  limited  by 
breakthrough  of  volatile  POHCs  on  the  sorbent  cartridges  used  to 
collect  the  sample,  caution  should  be  exercised  in  using  the  VOST 
to  collect  samples  from  a  stack  gas  stream  in  wnich  one  or  more  of 
the  volatile  POHCs  are  present  in  concentrations  greater  than  500 
ug/m3  (500  ng/1).  If,  for  example,  an  incinerator  uses  a  waste 
fuel  containing  volatile  POHCs  at  a  concentration  of  50,000  to 
100,000  ug/'g,  and  the  incinerator  achieves  a  DRE  of  99.99^,  then 
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the  concentration  in  the  effluent  would  be  500  to  1000  ug/m-*  (  500 
to  1,000  ng/1) ,  respectively.  Analysis  using  the  procedures  des¬ 
cribed  in  Part  B  of  this  method  would  probably  result  in  overload¬ 
ing  the  analytical  instrumentation  and  therefore  would  not  provide 
valid  data  for  that  particular  POHC.  Where  the  waste  contains 
volatile  POHCs  at  high  concentrations,  consideration  should  be 
given  to  collecting  gaseous  effluent  samples  using  SLOW-VOST  tech¬ 
niques,  gas  bags  or  evacuated  glass  bulbs.  Further,  if  the  waste 
contains  volatile  POHCs  at  high  (50,000  ug/g)  and  low  (100  ug/g ) 
concentrations,  these  POHCs  might  not  be  quantifiable  using  only 
VOST.,  In  this  case,  consideration  should  be  given  to  either 
collecting  gaseous  effluent  samples  using  two  VOST  trains  (one  of 
these  trains  should  be  operated  under  conditions  of  SLOW-VOST),  or 
using  one  VOST  train  (SLOW-VOST)  and  gas  bags  or  glass  bulbs.  The 
examples  cited  above  may  result  in  chromatoyraphic  interferences 
or  instrument  overloading  which  will  invalidate  the  results.  If 
this  situation  is  anticipated,  laboratory  evaluation  should  be 
conducted  prior  to  field  use  of  the  VOST  (Part  B,  Section  7). 

1.5  This  method  is  recommended  for  use  only  by  experienced  sam¬ 
pling  personnel  and  analytical  chemists,  or  under  close  super¬ 
vision  by  such  qualified  persons. 

2.  SUMMARY  OF  METHOD 

2.i  A  2-hour  sample  of  gaseous  effluent  is  collected  on  car¬ 
tridges  using  six  pairs  of  cartridges,  each  pair  sampling  a  maxi¬ 
mum  of  20  liters  of  gaseous  effluent.  The  samples  are  collected 
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at  a  sampling  flow  rate  of  1  liter  per  minute,  using  temperature 
controlled  quartz  or  glass  lined  probe  and  a  VOST.  The  gas  stream 
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is  cooled  to  20°C  by  passage  through  a  water-cooled  condenser  <*.  •> 

and  volatile  POHCs  are  collected  on  a  pair  of  sorbent  cartridges. 

Liquid  condensate  is  collected  in  an  impinger  placed  between  the 
two  sorbent  cartridges.  The  first  sorbent  cartridge  (front  : 

cartridge)  contains  approximately  1.6  grams  Tenax,  and  the  second 
cartridge  (back  cartridge!  contains  approximately  1  gram  each  of 
Tenax  and  petroleum  based  charcoal  (SKC  Lot  104  petroleum  base  or 
equivalent,  see  Section  6.2.1),  3:1  by  volume. 

2.2  An  alternative  set  of  conditions  for  sample  collection  has 
been  u£ed.  This  method  involves  collecting  a  sample  volume  of  20 
liters  or  less  at  a  reduced  flow  rate.  Operation  of  the'  VOST 
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under  these  conditions  has  been  referred  to  as  SLOW-VOST.  This  "-1 

method  has  been  used  to  collect  5  liters  of  sample  (0.25  liters/. 
min  for  20  minutes)  or  20  liters  of  sample  (0.5  liters/min  for  40 

n 

minutes)  on  each  pair  of  sorbent  cartridges.  Smaller  sample 
volumes  collected  at  lower  flow  rates  should  be  considered  when 
the  boiling  points  of  the  POHCs  of  interest  are  below  30°C  or  Cor' 
volatile  POHCs  present  in  high  concentrations  in  the  stack  gas.  — 

2.3  The  gaseous  effluent  shall  be  sampled  over  a  2-hour  period. 

This  is  accomplished  using  six  pairs  of  Tenax  and  Tenax/charcoal 
cartridges  sampling  a  maximum  of  20  liters  of  gaseous  effluent  on 
each  pair  of  cartridges.  Fewer  pairs  of  cartridges  may  be 
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required  using  SLOW-VOST  (Section  2.2).  A  minimum  of  three  pairs 
of  Tenax  and  Tenax/charcoa 1  cartridges  shall  be  collected  for 
SLOW-VOST  sampling. 

2.4  Analysis  of  the  cartridges  (aescribed  i *  Part  3)  for  volatile 
POHCs  using  purge-trap-desorb  gas  chromatonraph/mass  spectrometer 
(P-T-D  GC/MS)  which  is  carried  out  Dy  thermally  desorbing  each 
cartridge  with  the  gas  passing  through  a  «  'ter  filled  purge  column 
onto  an  analytical  trap.  The  analytical  ttap  is  suOsequent ly 
heated  and  the  effluent  gas  passes  into  the  GC/MS. 

3.  PRECISION  AND  ACCURACY 

3.1  The  results  of  laboratory  evaluations  of  the  VOST  for 
selected  volatile  POHCs  showed  that  the  recovery  of  the  analytes 
from  three  pairs  of  replicate  cartridges  ranged  from  ±50  percent 
of  the  expected  value  (5). 

3.2  Prior  to  field  operation  of  the  VOST  at  a  hazardous  waste 
incinerator,  a  laboratory  trial  should  be  conducted  using  either 
selected  volatile  POHCs  of  interest  or  two  or  more  of  the  volatile 
POHCs  for  which  data  are  available  (5).  The  user  shall  demon¬ 
strate  proficiency  which  is  within  the  precision  and  accuracy  of 
the  method  (Part  B,  Section  7).  Experienced  users  of  VOST  who 
have  demonstrated  proficiency  with  the  VOST  and  can  provide  data 
which  supports  the  applicability  of  the  VOST  for  the  POHCs  may  be 
exempt  from  this  requirement.  Before  the  VOST  shall  be  used  to 


sample  compounds  below  30*C,  tne  user  must  demonstrate  through 
laboratory  evaluations  of  the  collection  and  recovery  efficiencies 
that  tne  accuracy  and  precision  requirements  are  met  (Part  B, 

Sect  ion  71. 


4.  INTERFERENCES 

4.1  Interferences  arise  primarily  from  background  contamination 
of  sorbent  cartridges  prior  to  or  after  use  in  sample  collection.  lie 

Many  potential  interferences  can  be  due  to  exposure  of  the  sorbent 
materials  to  solvent  vapors  prior  to  assembly  and  exposure  to  sig¬ 
nificant  concentrations  of  volatile  POHCs  in  the  ambient  air  at 
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hazardous  waste  incinerator  sites.  Benzene  and  toluene  appear  to 
be  inherent  contaminants  on  Tenax.  This  may  present  problems  in 
the  analysis  of  these  compounds  using  VOST  due  to  high  background 
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concentrations.  To  minimize  this  problem,  the  use  of  additional 
field  blanks  is  recommended  (see  Section  tf.5). 


4.2  ■  To  avoid  or  minimize  the  low  level  contamination  of  train 
components  with  volatile  POHCs,  care  should  be  taken  to  avoid  con¬ 
tact  of  all  interior  surfaces  or  train  components  with  synthetic 
organic  materials  (e.g.  organic  solvents,  lubricating  and  sealing 
greases),  and  train  components  should  be  carefully  cleaned  and 
conditioned  according  to  the  procedures,  described  in  Sections  5,  6 
and  7  of  this  protocol.  The  sorbent  cartridges  should  be  condi¬ 
tioned  and  stored  in  an  environment  free  of  volatile  organic 
compounds  . 
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of  one  version  of  the  VOST  is  shown  in  Figure  2.  The  VOST 
consists  of:  a  quartz  or  glass  lined  probe  with  a  glass  wool 
particulate  plug,  an  isolation  valve,  a  water  cooled  glass 
condenser  with  thermocouple  placed  at  the  outlet  to  monitor  gas 
stream  temperature  (see  Section  5.6.2),  a  sorbent  cartridge 
containing  Tenax  (1.6  grams),  an  empty  impinger  for  condensate 
removal,  a  second  water  cooled  glass  condenser,  a  second  sorbent 
cartridge  containing  Tenax  and  petroleum  based  charcoal  (3:1  by 
volume;  approximately  1  gram  of  each),  a  silica  gel  drying  tube,  a 
calibrated  rotameter,  a  sampling  pump,  and  a  dry  gas  meter. 


5.1.2  The  gas  pressure  during  sampling  and  for  leak  checking  is 
monitored  by  vacuum  gauges  which  are  in  line  with  and  downstream 
of  the  silica  gel  drying  tube. 


5.2  Probe 

5.2.1  The  probe  shall  be  maintained  at  a  temperature  of  at 
least  130°C  in  the  gas  stream  prior  to  the  first  condenser.  If 
one  or  more  of  the  volatile  POHCs  boil  between  130°  to  150°C,  the 
probe  shall  be  maintained  at  a  temperature  equivalent  to  the 
boiling  point  of  the  least  volatile  POHC .  The  probe  may  require 
heating  to  achieve  this  temperature.  If  stack  temperatures  are 
excessively  high.. an  air  or  water  cooled  probe  may  be  required  to 
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VOLATILE  ORGANIC  SAMPLING  TRAIN 
(I/O  CARTRIDGE  DESIGN) 


avoid  damage  to  the  probe  and  to  achieve  a  temperature  of  20°C  at 
inlet  to  first  sorbent  cartridge  (see  Section  5.4).  Isokinetic 
sample  collection  is  not  a  requirement  for  the  use  of  VOST  since 
the  compounds  of  interest  are  in  the  vapor  phase  at  the  point  of 
sample  collection. 

5.3  Isolation  Valve 

5.3.1  The  isolation  valves  must  be  a  greaseless  stopcock  with  a 
glass  bore  and  sliding  Teflon  plug  with  Teflon  wipers  (Ace  8193  cr 
equivalent).  These  valves  are  used  to  permit  ambient  air  to  be 
admitted  after  leak  checking  (Section  8.3)  and  for  purginy  the 
probe  prior  to  sample  collection  (Section  8.4). 

5.4  Condensers 

5.4.1  The  condensers  (Ace  5979-14  or  equivalent)  shall  be  of 
sufficient  capacity  to  cool  the  gas  stream  to  20°C  or  less  prior 
to  passage  through  the  first  sorbent  cartridge.  The  top  connec¬ 
tion  of  the  condenser  shall  oe  able  to  form  a  leak-free,  vacuum- 
tight  seal  without  using  vacuum  sealing  greases. 

5.5  Sorbent  Cartridges 

5.5.1  The  sorbent  cartridges  for  the  VOST  are  available  and 
acceptable  in  either  of  two  configurations:  the  inside/outside 
(I/O)  or  inside/inside  (I/I)  configuration.  The  terms  I/O  or  I/I 
pertain  to  the  instrument  configuration  for  thermal  desorption  or 
the  sorbent  tunes.  For  the  I/O  design,  the  carrier  gas  contacts 
the  inside  and  outside  of  tne  sorbent  tubes  during  the  desorption, 
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while  for  the  I/I  uesign.  the  carrier  gas  is  directed  only  through 
the  inside  of  the  cartridge.  For  the  I/O  configuration,  the 
cartridge  is  held  in  the  VOST  within  an  outer  glass  tube  and  in  a 
metal  carrier  (Figure  3).  For  the  I/I  configuration,  a  single 
glass  tube  is  used,  with  or  without  a  metal  carrier  (Figure  4). 

In  either  case,  the  sorbent  packing  will  be  the  same.  The  first 
pair  of  sorbent  cartridges  shall  be  packed  with  approximately  1.6 
grams  Tenax  GC  resin,  and  the  second  cartridge  of  a  pair  shall  be 
packed  with  Tenax  GC  and  petroleum  based  charcoal  (3:1  by  volume; 
approximately  1  gram  of  each). 


5.5.2  The  second  sorbent  cartridge  shall  be  packed  so  that  the 
sample  gas  stream  passes  through  the  Tenax  layer  first  and  then 
through  the  charcoal  layer.  Note  that  when  sorbent  cartridges  are 
analyzed  using  the  P-T-D  GC/MS  procedure  described  in  Part  B, 
Section  10.2,  the  gas  flow  through  the  sorbent  cartridges  during 
desorption  is  in  the  opposite  direction  from  tne  gas  flow  through 
the  sorbent  cartridges  during  sample  collection.  The  inlet  side 
of  each  cartridge  during  sample  collection  shall  be  clearly  iden¬ 
tified  so  that  it  becomes  the  outlet  side  during  the  de'sorption 
step  of  the  analytical  procedure. 


5.5.3  The  sorbent  cartridges  shall  be  glass  tubes  with  approxi¬ 
mate  dimensions  of  10  centimeters  by  1.6  centimeters  (cm)  I.D. 

The  two  acceptable  designs  (I/O,  I/I)  for  the  sorbent  cartridge 
are  described  in  further  detail  Uelow. 
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FIGURE  3 

I/O  SORBENT  CARTRIDGE  ASSEMBLY 
VOLATILE  ORGANIC  SAMPLING  TRAIN  (VOST) 
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5. 5. 3.1  Inside/Outside  Type  Sorbent  Cartridge  -  A  diagram  of  an 
I/O  type  sorbent  cartridge  is  shewn  in  Figure  3.  In  this  design, 
the  sorbent  materials  are  held  in  the  glass  tube  with  a  fine  mesh 
stainless  steel  screen  and  a  C-clip.  The  glass  tube  is  then 
placed  within  a  larger  diameter  glass  tube,  and  held  in  place 
using  Viton  O-rings.  The  purpose  of  the  outer  glass  tube  is  to 
protect  the  exterior  of  the  resin-containing  tube  from  contamina¬ 
tion.  The  two  glass  tubes  are  held  in  a  stainless  steel  cartridge 
holder.  The  ends  of  the  glass  tubes  are  held  in  place  by  Viton 
O-rings  placed  in  machine  grooves  in  each  metal  end  piece.  The 
three  cylindrical  rods  are  secured  in  one  of  the  metal  end  pieces 
and  fastened  to  the  other  end  piece  by  appropriately  sized  nuts, 
tnus  sealing  the  glass  tubes  into  tne  cartridge  holder.  The  end 
pieces  are  fitted  with  a  threaded  nut  onto  which  a  threaded  end 
cap,  fitted  with  a  Viton  o-ring  seal,  is  placed  to  protect  the 
resin  from  contamination  during  transport  and  storage. 


5.3. 3.2  Inside/Inside  Type  Sorbent  Cartridge  -  A  diagram  of  an 
I/I  type  sorbent  cartridge  is  snown  in  Figure  4.  This  cartridge 
is  a  single  glass  tube  (10  cm  by  1.6  cm  1.0.)  whicn  has  the  ends 
reduced  in  size  to  accommodate  a  1/4  or  3/8-inch  Swagelok  or  Cajon 
gas  fitting.  The  resin  is  held  in  place  by  glass  wool  at  each  end 
of  the  resin  layer.  The  amounts  of  each  type  of  sorbent  material 
used  in  the  I/I  design  are  the  same  as  for  the  I/O  design. 

Threaded  end  caps  are  placed  on  the  sorbent  cartridge  after  pack¬ 
ing  with  sorbent  to  protect  the  sorbent  from  contamination  during 


urn 


storage  and  transport.  Care  should  be  exercised  in  the  placement 
of  the  threaded  end  cap;  the  male  threaded  fitting  should  be 
backed  about  1  mm  from  the  end  of  the  tube  prior  to  tightening  to 
prevent  crushing  or  chipping  of  the  end  of  the  tube. 

5.6  Impinqer 

5.6.1  The  impinger  which  is  used  to  collect  aqueous  condensate 
shall  have  a  liquid  volume  of  125  ml  and  shall  be  capable  of 
providing  a  leak-free  seal  to  the  outlet  of  the  Tenax  sorbent 
cartridge.  The  silica  gel  drying  tube  should  have  sufficient 
capacity  for  at  least  20  to  30  grams  of  silica  gel. 

5.7  Metering  System 

5.7.1  The  metering  system  for  VOST  shall  consist  of:  vacuum 
gauges,  a  leak-free  pump  (Thomas  Model  107  or  equivalent),  a  cali¬ 
brated  rotameter  (Linde  Model  150  or  equivalent)  for  monitoring 
the  gas  flow  rate,  a  dry  gas  meter  with  2  percent  accuracy  (7)  at 
the  required  sampling  rate,  and  related  valves  and  equipment.  The 
dry  gas  meter  shall  indicate  1  liter  of  gas  volume  for  each  revo¬ 
lution  of  the  dial.  Users  of  VOST  have  suggested  that  the  rota¬ 
meter  does  not  need  to  be  calibrated,  but  a  calibrated  rotameter 
serves  as  a  useful  verification  of  the  volume  measurement  from  the 
dry  gas  meter. 

5.7.2  Provisions  will  be  made  for  monitoring  the  temperature  of 
the  sample  gas  stream  between  the  first  condenser  and  first  sor¬ 
bent  cartridge.  This  can  be  done  by  placing  a  thermocouple  or.  the 


exterior  glass  surface  of  the  outlet  from  the  first  condenser. 

The  temperature  at  that  point  shall  be  less  than  20*C.  If  it  is 
not,  an  alternative  system,  providing  increased  cooling  capacity, 
must  be  used. 

5.8  Sample  Transfer  Lines 

5.8.1  All  sample  transfer  lines  connecting  the  probe  to  VOST 
shall  be  less  than  5  feet  in  length,  if  possible,  and  shall  be 
heat-traced  Teflon  (to  maintain  a  temperature  of  at  least  13U°C  i 
the  gas  stream)  with  connecting  fittings  which  are  capable  of 
forming  leak-free,  vacuum-tight  connections  without  the  use  of 
sealing  grease.  All  other  sample  transfer  lines  usee  with  the 
VOST  (e.g..  to  connect  impinger  with  second  condenser)  will  De 
Teflon  with  connecting  fittings  that  are  capable  of  forming  leak- 
free,  vacuum-tight  connections  without  the  use  of  sealing  grease. 

6 .  REAGENTS  AND  MATERIALS 

6.1  Tenax,  35/60  Mesh  ( 2 , 6- Dipheny lene  Oxide  Polymer) 

6.1.1  The  new  Tenax  is  Soxhlet  extracted  for  24  hours  with 
methanol  (Burdick  &  Jackson,  pesticide  grade  or  equivalent).  The 
Tenax  is  dried  for  6  hours  in  a  vacuum  oven  at  50*C  before  use. 
Users  of  I/O  and  I/I  sorbent  cartridges  have  used  slightly  differ¬ 
ent  thermal  conditioning  procedures.  Although  strict  equivalence 
of  the  procedure  has  not  been  demonstrated,  these  methods  have 
produced  results  that  meet  method  quality  assurance  requirements 
(Part  B,  Section  7.4).  I/O  sorbent  cartridges  packed  with  Tenax 
are  tnermally  conditioned  by  flowing  organic-free  nitrogen 


30  ml/min  through  the  resin  while  heating  to  250°C  for  8  hours. 
Sorbent  cartridges  of  the  I/I  design  packed  with  Tenax  are 
thermally  conditioned  for  12  to  16  hours  by  flowing  organic-free 
nitrogen  (30  ml/min)  through  the  resin  while  heating  to  190°C. 
After  thermal  conditioning,  the  sorbent  cartridges  shall  be  stored 
for  24  hours  at  room  temperature  prior  to  monitoring  the  car¬ 
tridges  for  residual  organic  contamination  (see  Section  7.4).  The 
use  of  pentane  to  extract  new  Tenax  and  charcoal  to  remove  non¬ 
polar  impurities  is  not  recommended.  (Users  have  experienced 
problems  with  residual  pentane  in  the  sorbents  during  analysis, 
and  therefore,  this  procedure  is  not  recommended.) 

6.1.2  If  very  high  concentrations  of  organic  compounds  have 
been  collected  on  the  resin  (e.g. ,  micrograms  of  analytes),  the 
sorbent  may  require  Soxhlet  extraction  as  described  above.  Pre¬ 
viously  used  Tenax  cartridges  are  thermally  reconditioned  by  the 
method  described  above. 

6.2  Charcoal  (SXC  Lot  104  Petrbleum  Base  or  Equivalent) 

6.2.1  New  charcoal  is  prepared  as  described  in  6.1.1  above. 

Due  to  possible  problems  with  charcoal  contamination,  new  charcoal 
should  be  used.  Users  of  VOST  have  restricted  the  types  of  char¬ 
coal  used  in  sorbent  cartridges  to  only  petroleum-based  types. 
Criteria  for  other  types  of  charcoal  are  currently  under  develop¬ 
ment.  Other  types  of  charcoal  are  acceptable  if  recovery  of  POHC 
in  laboratory  evaluations  meet  the  criteria  (±50  percent)  of  the 
method  (Part  B,  Section  7). 
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6.3  Viton  0-Ring 

6.3.1  All  O-rings  used  in  VOST  shall  be  Viton.  Prior  to  use, 
these  0-rings  shall  be  thermally  conditioned  in  a  vacuum  oven  at 
200°C  for  48  hours.  O-rings  will  be  stored  in  clean,  screw  capped 
glass  containers  prior  to  use. 
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6.4  Glass  Tubes/Condensers 

6.4.1  The  glass  resin  tubes  and  condensers  shall  be  cleaned 
with  a  non-ionic  detergent  in  an  ultrasonic  bath,  rinsed  well  with 
organic-free  water  and  dried  at  110®C.  Resin  tubes  of  the  I/O 
design  should  be  assembled  as  described  in  Section  7  prior  to 
storage.  Resin  tubes  of  the  I/I  design  shall  be  stored  in  glass 
containers  with  Teflon  lined  screw  caps.  Condensers  shall  be 
capped  with  appropriate  end  caps  prior  to  use. 
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6.5  Metal  Parts 

6.5.1  The  metal  parts  (e.g.,  stainless  steel  carriers,  C-clips. 
end  plugs),  used  in  either  the  I/O  or  I/I  cartridge  design,  are 
cleaned  by  ultrasonicat ion  in  a  warm  non-ionic  detergent  solution, 
rinsed  with  reagent  water,  air  dried  and  heated  in  a  muffle 
furnace  for  2  hours  at  40Q°C. 


6.6  Silica  Gel  -  -  Indicating  Type,  6-16  Mesh' 

•*.  % 

6.6.1  New  silica  gel  may  be  used  as  received.  Silica  gel  which  j 

has  been  previously  used  shall  be  dried  for  2  hours  at  175°C.  >;'/• 
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6.7  Crushed  Ice 

6.7.1  Crushed  ice  from  any  source  may  be  added 
in  the  reservoir. 

6.8  Water 

6.8.1  Water  used  for  leak  checking  resin  cartri 
glassware  shall  be  reagent  (see  Part  B,  Section  5. 
for  cooling  train  components  in  the  field  may  be  t 

6.9  Glass  Wool 

6.9.1  Glass  wool  shall  be  Soxhlet  extracted  for) 
using  pentane,  and  oven  dried  at  110°C  before  use. 
shall  be  checked  prior  to  use  to  ensure  that  it  do' 
residual  pentane.  If  all  pentane  cannot  be  remove 
solvent  such  as  methanol  may  be  used. 

6.10  Nitrogen 

6.10.1  Nitrogen  gas  will  be  organic-free  (Linde-U 
99.999%  pure,  hydrocarbon-free,  or  equivalent).  I 
traps,  5A°  molecular  sieve  adsorbent  tubes,  or  cry 
be  used  to  ensure  purity. 
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ASSEMBLY  AND  CONDITIONING  OF  VOST  SORBENT  CARTRIDGES 


7.1  Introduction 

7.1.1  This  section  describes  assembly  of  the  sbrbent  cartridges 

! 

and  procedures  for  storage  and  transport  of  assembled  cartridges 
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The  assembly  and  packing  of  the  sorbent  cartridges  should  be 
carried  out  in  an  area  free  of  volatile  organic  material.  This  is 
preferably  done  in  a  laboratory  in  which  no  organic  solvents  are 
handled  or  stored,  and  in  which  the  laboratory  air  is  charcoal 
filtered.  Alternatively,  the  assembly  procedure  can  be  conducted 
in  a  glove  box  or  glove  bag  which  can  be  purged  with  organic-free 
nitrogen. 
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7.2  Assembly  of  Tenax  Cartridges 

7.2.1  The  Tenax,  glass  tubes  and  metal  cartridge  parts  are 
cleaned  and  stored  according  to  the  procedures  described  in  Sec¬ 
tion  6.  Approximately  1.6  grars  of  Tenax  is  weighed  and  packed 
into  the  sorbent  tube  which  has  a  stainless  steel  screen  and 

C- clips  (I/O  design)  or  by  glass  wool  (I/I  design)  in  the  down¬ 
stream  end.  The  Tenax  is  held  in  place  by  inserting  a  stainless 
steel  screen  and  C-clips  in  the  upstream  end  (I/O  design)  or  glass 
wool  (I/I  design).  The  cartridges  are  assembled  in  the  metal 
holders  (Section  5.5)  and  leak  checked  by  putting  on  one  of  the 
end  caps  and  pressurizing  tne  cartridge  to  30  psi  with  organic- 
free  nitrogen  and  immersing  the  cartridge  in  distilled  water  tc 
check  for  the  appearance  of  bubbles.  Cartridges  which  are 
determined  to  be  leak-free  are  then  conditioned  as  described  in 
Section  7.4. 

7.2.2  Assembled  and  conditioned  resin  tubes  of  the  I/O  design 
are  placed  in  ice  water  for  storage  and  transport.  Conditioned 
resin  tubes  of  the  1/ I  design  are  capped  and  placed  in  ice  water 
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for  storage  and  transport.  Limited  experience  by  VOST  users  for 
storing  and  transporting  resin  tubes  of  the  I/I  design  indicates 
that  these  tunes  may  be  stored  and  transported  in  screw  capped 
culture  tubes  placed  in  a  clean  glass  or  metal  container  which 
contains  clean  charcoal.  The  storage  container  is  kept  cold  using 
ice  or  cold  pack  storage.  Storage  containers  shall  be  kept  in  an 
area  free  from  sources  of  organic  contamination.  The  need  for 
these  precautions  is  dependent  upon  the  user's  ability  to  maintain 
blank  cartridges  free  from  contamination  during  storage  and 
transport. 

7.3  Assembly  of  Tenax/Charcoal  Cartridges 

7.3.1  The  Tenax,  charcoal  and  metal  cartridge  parts  are  cleaned 
and  stored  according  to  the  procedures  described  in  Section  6. 

The  tuoes  are  packed  with  approximately  a  3:1  volume  ratio  of 
Tenax  and  charcoal  (approximately  1  gram  of  each).  The  cartridge 
is  assembled  such  that  the  inlet  side  during  sampling  collection 
is  Tenax,  followed  by  a  layer  of  charcoal  at  the  outlet  side  of 
the  sorbent  cartridge.  The  Tenax  and  charcoal  are  held  in  place 
by  the  stainless  steel  screens  and  C-clips  (I/O  design)  or  by 
glass  wool  (I/I  design).  The  glass  tubes  of  the  I/O  design  con¬ 
taining  the  Tenax  and  charcoal  are  then  leak  checked  as  described 
in  Section  7.2,  checked  for  quality  assurance  as  described  in 
Section  7.4,  and  placed  in  the  metal  carriers  according  to  the 
procedures  outlined  in  Section  5.5.  The  end  caps  are  placed  on 
the  assembled  cartridges,  and  the  assembled  cartridges  are  placed 


in  ice  water  Cor  storage  and  transport  as  described  in  Section 
7.2.  Glass  tubes  of  the  I/I  design  are  leak  checked  as  described 
in  Section  7.2,  and  conditioned  as  described  in  Section  7.4.  The 
er.d  caps  are  placed  on  the  assembled  cartridges,  and  they  are 
placed  in  a  suitable  container  for  storage  and  transport. as 
described  in  Section  7.2. 


7,4  Sorbent  Cartridge  Quality  Assurance 

7.4.1  This  section  describes  two  methods  which  can  be  used  to 
verify  that  the  sorbent  cartridges  (Tenax  and  Tenax/charcoal )  are 


free  from  background  contamination  prior  to  sample  collection. 

7.4.2  The  gas  chromatograph  with  flame  ionization  detector  is 
calibrated  using  direct  injection  of  propane  standards  at  the 
appropriate  concentrations.  The  chromatographic  column  shall  be 
1.8  m  x  0.25  cm  I.D. ,  stainless  steel  or  glass  packed  with  1% 
SP-1000  on  Carbopack  (60/80  mesh)  or  equivalent.  Following 
assembly  and  leak  checking  of  the  sorbent  cartridges,  they  are 
connected  to  3  source  of  organic-free  nitrogen.  Nitrogen  is 
passed  through  each  trap  at  a  flew  rate  of  at  least  30  ml /nr.  in , 
while  the  traps  are  heated  to  200°C.  The  effluent  from  the  trap 
is  monitored  with  a  flame  ionization  detector  to  check  for  emis¬ 
sion  of  vclati  le'  organic  compounds  from  the  cartridge..  The  condi¬ 
tioning  is  continued  until  the  amount  of  total  chromatographable 
organics  is  below  0.2  ng  as  propane. 
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7.4.3  The  gas  chromatograph  with  flame  ionization  detector  is 
calibrated  by  analyzing  a  Tenax  cartridge  which  has  been  spiked 
with  175  ng  benzene,  175  ng  toluene  and  150  ng  bromof luorobenzene 
( BFB > .  The  cartridge  is  spiked  using  the  solvent-flush  technique 
(see  Part  B,  Section  6.2.3).  The  chromatographic  conditions 
shall  be  the  same  as  those  described  in  Part  B,  or  shall  demon¬ 
strate  the  capability  of  identifying  background  levels  of  volatile 
POHCs  with  the  required  sensitivity.  Following  assembly  and  lea* 
checking,  the  sorbent  cartridge(s)  is  placed  in  the  desorption 
heater  for  10  minutes  with  a  helium  flow  of  50  ml/min.  The  efflu¬ 
ent  from  the  cartridge  is  passed  through  a  trap  filled  with  glass 
beads  which  is  cooled  in  liquid  nitrogen.  (If  a  pair  of  Tenax  and 
Tenax/charcoal  cartridges  are  monitored  in  a  single  desorption 
run,  the  Tenax/charcoal  cartridge  should  be  upstream  of the  Tenax 
cartridge.)  At  the  end  of  the  10-minute  desorption  period,  tne 
glass  bead  filled  trap  is  heated,  the  carrier  gas  flow  directed  to 
a  gas  chromatograph  equipped  with  flame  ionization  detector  and 
chromatographic  column  suitable  for  volatile  organic  analysis  (see 
Part  B,  Section  4.3.2).  Blank  sorbent  cartridges  which  are  moni¬ 
tored  using  this  technique  shall  contain  less  than  2  ng  total 
chromatographable  organics  (as  benzene  or  toluene).  If  in  using 
this  procedure  the  background  exceeds  10  ng  (as  benzene  or 
toluene),  the  cartridges  must  be  recleaned  and  reanalyzed. 
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been  calibrated  within  30  days  prior  to  use.  All  field  data 
shall  be  recorded  on  a  Field  Data  Sheet  (or  field  notebook).  An 
example  of  a  Field  Data  Sheet  for  VOST  is  shown  in  Figure  5. 

8.2  VOST  Assembly 

8.2.1  The  VOST  is  assembled  according  to  the  schematic  diagram 
in  Figure  2.  Cooling  water  is  circulated  to  the  condensers  and 
the  temperature  of  the  cooling  water  shall  be  maintained  near 
0*C .  The  end  caps  of  the  sorbent  cartridges  will  be  placed  in  a 
clean  screw  capped  glass  container  during  sample  collection.  The 
condensate  pot  shall  not  be  immersed  in  ice  water. 

8.3  Leak  Checking 

8.3.1  The  train  is  leak  checked  by  closing  the  valve  at  the 
inlet  to  the  first  condenser  and  pulling  a  vacuum  equivalent  to 
10  inches  Hg  (250  mm  Hg )  above  the  system's  operating  pressure. 
The  traps  and  condensers  are  isolated  from  the  pump  and  the  leak 
rate  noted.  The  system  shall  hold  at  10  inches  Hg  above  the 
system  operating  pressure  with  no  discernible  leakage  (pressure 
increase  of  less  than  0.1  inches  Hg/min).  If  the  leak  check  does 
not  meet  specifications,  the  cause  of  the  problem  must  be  identi¬ 
fied  and  corrected  and  leak  check  repeated.  After  leak  checking, 
tne  train  should  oe  returned  to  atmospheric  pressure  by  attaching 
a  charcoal  filled  tube  to  tne  isolation  valves  above  the  first 
condenser  and  opening  the  valve  to  admit  air  to  the  train  through 
the  charcoal  filter.  These  procedures  will  minimize  contami nat ion 
of  VOST  train  components  oy  excessive  exposure  to  the  fugitive 


emissions  at  Hazardous  waste  incinerator  3ites. 


FIGURE  5.  VOST  FIELD  DATA  SHEET* 
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8.3.2  After  leak  checking  but  before  the  initiation  of  sample 
collection,  the  probe  shall  be  purged  with  stack  gas.  This  can  be 


accomplished  by  attaching  a  pump  to  the  isolation  valve  above  the 
first  condenser  and  drawing  stack  gas  through  the  probe  via  the 
isolation  valve,  so  that  at  the  initiation  of  sample  collection 
the  probe  is  purged  of  ambient  air. 


8.4  Sample  Collection 

8.4.1  Prior  to  the  initiation  of  sample  collection,  the  probe 
shall  be  located  in  the  stack  at  a  point  of  average  stack  gas 


velocity  and  temperature.  {These  values  can  be  determined  using 
the  procedures  described  in  References  6  and  7.)  Care  should  be 
exercised  in  the  location  of  the  probe  in  the  stack  to  minimize 
effects  of  dfilution  air  which  may  enter  the  stack  through  the  sam¬ 


pling  port  and  thereby  impair  the  collection  of  a  representative 
sample  of  thje  stack  gas. 


8.4.2  After  leak  checking  {see  Section  8.3.1),  sample  collec¬ 
tion  is  accomplished  by  opening  the  valve  at  the  inlet  to  the 
first  condenser,  turning  on  the  pump,  and  sampling  at  a  rate  of 
1  liter/minute  for  20  minutes.  The  volume  of  sample  for  any  pair 

i 

of  traps  shall  not  exceed  20  liters.  The  temperature  of  the  gas 


stream  at  the  inlet  to  the  first  sorbent  cartridge  mast  be  main¬ 
tained  at  or  below  20*C  during  sample  collection  (see  Section 
5.6.2).  | 


\  •% 


6 


8.4.3  After  the  collection  of  20  liters  of  sample,  the  train  is 
leak  tested  using  the  procedures  described  in  Section  8.3.  If 
this  post  leak  test  criterion  is  not  met,  the  samples  shall  not  be 
analyzed.  If  leak  check  criterion  is  met,  the  train  is  returned 
to  atmospheric  pressure  as  described  in  Section  8.3.1,  the  two 
sorbent  cartridges  removed,  the  end  caps  replaced,  and  the  car¬ 
tridges  returned  to  a  suitable  container  for  storage  and  transport 
until  analysis  (see  also  Section  7 .2 . 2 ) . 


8.4.4  In  some  cases,  there  may  be  a  requirement  to  analyze  the 
aqueous  condensate.  This  situation  may  arise  for  water  soluble 
volatile  organic  compounds.  For  these  situations,  preliminary 
laboratory  evaluation  of  the  sampling  and  recovery  efficiency 
(including  the  purging  efficiencies  of  the  compounds)  must  be 
performed  (Part  B,  Sections  7  and  11).  Sampling  and  analysis  pro¬ 
cedures  for  water  soluble  volatile  organics  are  currently  being 
developed.  In  this  case,  when  a  pair  of  sorbent  cartridges  is 
changed,  duplicate  samples  of  the  aqueous  condensate  should  be 
poured  into  .40  ml  glass  vials  equipped  with  plastic  screw  caps 
(Pierce  13075  or  equivalent),  and  Teflon-faced  .si licon  septa 
(Pierce  12722  or  equivalent).  If  insufficient  condensate  is 
available,  tr.e  vials  shall  be  topped  off  with  reagent  water.  The 
vials  shall  be  carefully  filled  just  to  overflowing  so  that  no  air 
bubbles  pass  through  the  sample  as  the  vial  is  being  filled.  The 
vial  shall  be  sealed  so  that  no  air  bubbles  are  entrapped  in  it. 
Vials  shall  be  stored  and  transported  at  ice  or  cold  pack 
temperature . 


i 


r» 


u  *  V*.  ^  »*'  j*a  •'» 


3.4.5  A  new  pair  of  cartridges  is  placed  in  the  VOST.  The  VOST 
leak  checked  as  described  in  Section  8.3  and  the  sample  collection 
process  repeated  as  described  above.  Sample  collection  continues 
until  six  pairs  of  cartridges  have  been  taken  (see  Section  2.3). 

A  maximum  of  six  pairs  of  cartridges  may  be  taken  over  a  2-hour 
sampling  period  (see  Section  2.3). 

8.4.6  All  sample  cartridges  shall  be  stored  on  cold  packs  or 
ice  until  ready  for  analysis. 

8.5  Field,  Trip  and  Laboratory  Blanks /Aqueous  Field  Blanks 

8.5.1  _ Field  Blanks  -  Blank  Tenax  and  Tenax/charcoal  cartridges 

are  taken  to  the  sampling  site  and  the  end  caps  removed  for  tne 
period  of  time  required  (approximately  5  minutes)  to  exchange  two 
pairs  of  cartridges  on  VOST.  After  the  two  VOST  cartridges  have 
been  exchanged,  the  end  caps  are  replaced  on  the  blank  Tenax  and 
Tenax/charcoa 1  tubes.  These  are  returned  to  appropriate  storage 
(see  Section  7.2.2)  and  analyzed  with  the  sample  cartridges.  At 
least  one  pair  at  field  blanks  (one  Tenax,  one  Tenax/charcoal ) 
shall  be  included  with  each  six  pairs  of  sample  cartridges  col¬ 
lected  (or  for  each  field  trial  using  VOST  to  collect  volatile 
?OHCs) .  It  is  advisable  to  use  two  pairs  of  field  blanks  for  each  ■ 
six  pairs  of  cartridges  collected. 

8.5.2  _ Trip  Blanks  -  At  least  one  pair  of  blank  cartridges  (one 

Tenax,  one  Tenax/charcoa 1 )  shall  be  included  with  the  shipment  of 
cartridges  to  a  hazardous  waste  incinerator  site.  These  trip 


blanks  will  be  treated  as  any  other  cartridges  except  that  the  end 
caps  will  not  be  removed  during  storage  at  the  site.  This  pair  of 
cartridges  will  be  analyzed  to  monitor  potential  contamination 
which  may  occur  during  storage  and  shipment.  One  user  (5)  recom¬ 
mended  including  one  pair  of  trip  blanks  for  each  VOST  run  con¬ 
ducted  during  a  trial  burn  to  obtain  a  more  meaningful  basis  for 
blank  correction  of  sample  cartridges  (Part  B,  Section  12.1.2). 


8.5.3 _ Laboratory  Blanks  -  One  pair  of  blank  cartridges  (one  . 

Tenax,  one  Tenax/charcoa 1 )  will  remain  in  the  laboratory  using  the 
method  of  storage  for  field  samples.  If  the  field  and  trip  blanks 
contain  high  concentrations  of  contaminants  (e.g.  ,  greater  than 
2  ng  of  a  particular  POHC) the  laboratory  blank  shall  be  analyzed 
in  order  to  identify  the  source  of  contamination. 


8.5.4  Aqueous  Field  Blanks  -  If  the  aqueous  condensate  is  to  be 
analyzed  for  volatile  POHCs ,  an  aqueous  field  blank  is  required. 
This  consists  of  duplicate  samples  of  reagent  water  placed  in 
vials  described  in  Section  8.4.3.  These  vials  shall  be  stored 
and  shipped  in  the  same  way  as  empty  vials/aqueous  condensate 
samples,  and  should  be  analyzed  at  the  same  time  as  tiv*  aqueous 
condensate  samples.  Additionally,  a  reagent  water  sample  (pre¬ 
pared  as  above)  will  be  retained  in  storage  in  the  laboratory.  If 
the  analysis  of  aqueous  field  blanks  shows  the  presence  of  POHCs, 
the  corresponding  laboratory  blank  shall  be  analyzed  to  verify 
that  the  residual  contamination  is  not  due  to  contamination  of  the 
aqueous  field  blanks  at  the  time  of  preparation  or  during  storage 
in  the  laboratory. 
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PART  B 


PROTOCOL  FOR  ANALYSIS  OF  SORBENT  CARTRIDGES 
FROM  VOLATILE  ORGANIC  SAMPLING  TRAIN 
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1. 


SCOPE  AND  APPLICABILITY 


1.1  This  method  covers  the  analysis  of  volatile  POHCs  collected 
on  Tenax  and  Tenax/charcoal  sorbent  cartridges  using  a  VOST.  Much 
of  the  description  for  purge- trap-desorb  (P-T-D)  GC/MS  analysis  is 
included  in  References  8  and  9.  Since  the  majority  of  gas  streams 
sampled  using  VOST  will  contain  a  high  concentration  of  water,  the 
analytical  method  is  based  on  the  quantitative  thermal  desorption 
of  volatile  POHCs  from  the  Tenax  and  Tenax/charcoal  cartridges  and 
analysis  by  P-T-D  GC/MS  in  order  to  minimize  the  effects  of  water 
on  the  analysis.  This  method  is  applicable  to  organic  compounds 
with  boiling  points  between  30*  and  100°C.  Many  compounds  with 
boiling  points  below  30*C  and  between  100*  and  150*C,  may  be 
efficiently  collected  and  analyzed  using  this  method.  However, 
laboratory  evaluation  of  the  collection  and  recovery  efficiency 
for  compounds  with  boiling  points  out3ide  the  range  of  30°  to 
100°C  (or  those  for  which  no  VOST  data  are  available)  shall  be 
performed  (see  Section  7). 
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1.2  This  method  is  applicable  to  the  analysis  of  Tenax  and 
Tenax/charcoal  cartridges  used  to  collect  volatile  POHCs  from  wet 
stack  gas  effluents  from  hazardous  waste  incinerators. 


\ 


E-  74 


>w» 


1.3  Th«  sensitivity  of  the  analytical  method  for  a  particular 
volatile  POHC  depends  on  the  level  of  interferences,  the  presence 
of  detectable  levels  of  volatile  POHCs  in  blanks,  and  the  ability 
to  purge  the  volatile  POHCs  from  -water.  The  target  detection 
limit  for  the  method  is  0.1  ug/m3  (0.1  ng/1)  in  the  stack  gas. 

This  corresponds  to  2.0  ng  adsorbed  on  a  single  pair  of  Tenax  and 
Tenax/charcoal  cartridges.  Since  2  ng  of  a  POHC  may  not  be 
detectable  by  P-T-D  GC/MS  analysis,  the  method  is  designed  to 
permit  thermal  desorption  of  up  to  five  pairs  of  Tenax  and  Tenax/ 
charcoal  cartridges  onto  a  single  pair  for  analysis  in  order  to 
achieve  the  target  detection  limit  of  the  method.  For  a  POHC 
present  in  the  gaseous  effluent  at  a  concentration  of  0.1  uy/m^ 

(0.1  ng/1),  the  desorption  of  multiple  pairs  of  cartridges  onto  a 
single  pair  for  analysis  can  provide  a  total  of  10  ng  for  analysis, 
by  P-T-D  GC/MS. 

1.4  This  method  is  recommended  for  use  only  by  experienced  ana¬ 
lytical  chemists  or  under  the  close  supervision  of  such  qualified 
p& r«-  jps . 


2.  SUMMARY  OF  METHOD 

2.1  A  schematic  diagram  of  the  analytical  system  is  shown  in 
Figure  6.  Pairs  of  the  sorbent  cartridges  are  spiked  with  an 
internal  standard  and  thermally  desorbed  for  10  minutes  at  180°C 
with  organic-free  nitrogen  gas  (at  a  flow  rate  of  100  ml/mini, 
bubbled  through  5  ml  of  organic-free  water,  and  trapped  on  an 
analytical  sorbent  trap.  After  the  10-minute  desorption,  the 
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analytical  sorbent  trap  is  rapidly  heated  to  180*C  with  the 
carrier  gas  flow  reversed  so  that  the  effluent  flow  from  the 
analytical  trap  is  directed  into  the  GC/MS.  The  volatile  POHCs 
are  separated  by  temperature  programmed  gas  chromatography  and 
detected  by  low  resolution  mass  spectrometry.  The  concentrations 
of  volatile  POHCs  are  calculated  using  the  internal  standard 
technique.  To  achieve  increased  sensitivity,  multiple  pairs  of 
cartridges  (up  to  five  pairs)  may  be  desorbed  onto  a  single  pair 
of  Tenax  and  Tenax/charcoal  cartridges.  The  resulting  pair  is 
analyzed  by  P-T-D  GC/MS. 
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3.  PRECISION  AND  ACCURACY 

3.1  The  overall  accuracy  of  sample  collnction  and  analysis  using 

VOST  has  been  determined  in  laboratory  evaluations  to  average  *50 
percent  for  analysis  of  three  replicate  cartridges  (S).  These 
values  may  be  revised  as  further  evaluation  of  VOST  performance  is 
conducted. 

3.2  The  precision  for  the  internal  standard  response  (area) 
should  be  20  percent  during  any  given  analysis  period  at  a 
particular  multiplier  voltage  of  the  mass  spectrometer. 

4_. _ APPARATUS 

4.1  Thermal  Desorption  Unit 

4.1.1  The  thermal  desorption  unit  (Nutech  Corporation  Model  320 
or  equivalent)  shall  be  capable  of  thermally  desorbing  the  sorbent 
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resin  tubes.  It  shall  be  capable  of  rapidly  heating  the  tubes  to 
180°C*10°C  with  flow  of  organic-free  nitrogen  through  the  tubes. 

4.2  Purge  and  Trap  Unit 

4.2.1  The  purge  and  trap  unit  consists  of  three  separate  pieces 
of  equipment:  the  sample  purger,  analytical  sorbent  trap  and  the 
desorber.  It  should  be  capable  of  meeting  all  requirements  of 
Sections  5.2  thru  5.2.4  of  EPA  Method  624  for  analysis  of  purge- 
able  organic  compounds  from  water  (8,  9).  The  analytical  trap  as 
specified  in  EPA  Method  624  consists  of  3%  SP-2100,  Tenax,  silica 
gel,  charcoal.  Some  users  have  found  that  improved  performance 
can  be  achieved  using  only  Tenax  and  charcoal  in  the  analytical 
sorbent  trap  ( 5 ) . 

4.3  GC/MS  System 

4.3.1  Gas  Chromatograph  -  An  analytical  system  complete  with  a 
temperature  programmable  GC  suitable  for  on-column  injection,  and 
all  required  accessories  including  syringes,  analytical  columns, 
and  gases. 
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4.3.2 _ Column  -  Column  dimensions  3hail  be  1.8  ro  long  by  0.25  cm 

I.D.,  stainless  steel  or  glass,  packed  with  1%  SP-1000  on  Carbo- 
pack  3  (60/80  mesh)  or  equivalent. 
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4.3.3 _ Mass  Spectrometer  -  Capable  of  scanning  from  20  to  260 

amu  every  7  seconds  or  less,  utilizing  70  volts  (nominal)  electron 
energy  in  the  electron  impact  ionization  mode  and  producing  a  mass 
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spectrum  which  meets  all  criteria  described  in  Method  624  when  SO 
ng  of  4-bromof luorobenzene  (BFB)  is  injected  through  the  GC  inlet. 

4.3.4  GC/MS  Interface  -  Any.  GC  to  mass  spectrometer  interface 
that  gives  acceptable  calibration  points  at  50  ng  or  less  per 
injection  for  each  of  the  parameters  of  interest  and  achieves  all 
performance  criteria  of  Method  624  may  be  used.  GC  to  mass 
spectrometer  interfaces  constructed  of  all-glass  or  glass-lined 
materials  are  recommended.  Glass  can  be  deactivated  by  silanizing 
with  dichloro-dimethylsilane. 

4.3.5  _ Data  System  -  A  computer  system  must  be  interfaced  to 

the  mass  spectrometer  that  allows  the  continuous  acquisition  and 
storage  on  machine  readable  media  of  all  mass  spectra  obtained 
throughout  the  duration  of  the  chromatographic  program.  The  com¬ 
puter  must  have  software  that  allows  searching  any  GC/MS  data  file 
for  ions  of  a  specified  mass  and  plotting  such  ior.  abundances 
versus  time  or  scan  number.  This  type  of  plot  is  defined  as  an 
Extracted  Ion  Current  Profile  (EICP).  Software  must  also  be 
available  that  allows  integrating  the  abundance  in  any  EICP 
between  specified  time  or  scan  number  limits. 


is  defined  as  water  in  which  an  interferent 
detection  limit  of  the  parameters  of 


5.1.2  Reagent  water  may  be  generated  by  passing  tap  water 
through  a  carbon  filter  bed  containing  about  450  grains  of  acti¬ 
vated  carbon  (Calgon  Corporation,  Filtrasorb- 300  or  equivalent) . 

5.1.3  Reagent  water  may  also  be  prepared  by  boiling  distilled 
water  for  15  minutes.  Subsequently,  while  maintaining  the  temper¬ 
ature  at  90°C,  bubble  a  contaminant-free,  inert  gas  through  the 
water  for  one  hour.  While  still  hot,  the  water  should  be  trans¬ 
ferred  to  a.  narrow  mouth,  screw  cap  bottle  and  sealed  with  a 
Teflon  lined  septum  and  cap. 

5.1.4  Other  methods  which  can  be  shown  to  produce  reagent  water 
can  be  used. 
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5.2  Analytical  Trap  -eagents 

a)  Tenax  (60/80  mesh)  -  Chromatographic  grade  or  equivalent 

b)  Methyl  silicone  packing  -  3%  OV-1  on  Chromosorb  W  (60/80 
mesh)  or  equivalent 

c)  Silica  gel,  Davison  Chemical  (35/00  mesh).  Grade  15  or 
equivalent 

d)  Charcoal,  petroleum  based  (SKC  Lot  104  or  equivalent)  (see 
Section  6.2  in  Part  A) 
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5.3  Stock  Standard  Solution 
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5.3.1  Stock  standard  solutions  will  be  prepared  from  pure 
standard  materials  or  purchased  certified  solutions.  The  stock 
standards  should  be  prepared  in  methanol  using  assayed  liquids  or 
gases  as  appropriate.  Because  of  the  toxicity  of  some  of  the 
organohalides ,  primary  dilutions  of  these  materials  should  be 
prepared  in  a  hood.  A  NIOSH/MESA  approved  toxic  gas  respirator 
should  be  used  when  the  analyst  handles  high  concentrations  of 
such  materials. 

5.3.2  Fresh  standards  should  be  prepared  weekly  for  volatile 
POHCs  with  boiling  points  of  <30#C.  All  other  standards  must  be 
replaced  monthly,  or  sooner  if  comparison  with  check  standards 
indicates  a  problem. 

5.4  Secondary  Dilution  Standards 

5.4.1  Using  stock  standard  solutions,  prepare  secondary  dilu¬ 
tion  standards  in  methanol  which  contain  the  compounds  of  interest 
either  singly  or  mixed  together,  and  at  concentrations  such  that 
the  desorbed  calibration  standards  will  bracket"  the  working  range 
of  the  analytical  system. 

5.5  Bromof luorobenzene  (BFB)  Standard 

5.5.1  Prepare  a  25  ug/ml  solution  of  3FR  in  methanol. 

5.6  Deuterated  (dfi)  Benzene  Standard 

5.6.1  Prepare  a  25  ug/ml  solution  in  methanol. 
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CALIBRATION 


6.1  Assembly  of  P-T-D  Device 


6.1.1  Assemble  a  purge  and  trap  desorption  device  (P-T-D)  which 
meets  all  the  requirements  of  Section  10.2  of  tnis  protocol  and 
Section  5.2  of  USEPA  Method  624  (3). 


6.1.2  Connect  the  thermal  desorption  device  to  the  purge  and 
trap  device.  Calibrate  tne  P-T-D  GC/MS  system  using  the  internal 
standard  technique  (Section  6.2). 


6.2  Internal  Standard  Calibration  Procedure 


6.2.1  This  approach  requires  the  use  of  deuterated  benzene  as 
the  internal  standard  for  these  analyses.  Other  internal  stand¬ 
ards  may  be  proposed  for  use  in  certain  situations.  The  important 
criteria  for  choosing  a  particular  compound  ns  an  internal  stand¬ 
ard  are  that  it  be  similar  in  analytical  behavior  to  the  compounds 
of  interest,  ana  it  can  be  demonstrated  that  the  measurement  of 
the  internal  standard  is  not  affected  by  method  or  matrix  inter¬ 
ferences.  Other  internal  standards  which  have  been  used  are 
diO'"ethylbenzene  and  d4~  1  , 2 -d ichloroe thane .  Several  users  add  50 
r.g  of  BFB  to  all  sorbent  cartridges  (in  addition  to  one  or  more 
internal  standards'  to  provide  continuous  monitoring  of  the  GC/MS 
performance  relative  to  BF3. 


6.2.2  Prepare  calibration  standards  at  a  minimum  of  three  con¬ 
centration  levels  for  each  analyte  of  interest.  The  calibration 
standards  are  prepared  by  spiking  a  blank  Tenax  or  Tenax/charcoal 
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cartridge  with  a  mathanolic  solution  of  the  calibration  standards 
(including  50  ng  of  tha  internal  standard,  such  as  deutaratad 
benzene)  using  the  flash  evaporation  technique. 

6.2.3  The  cartridge  shall  be  mounted  in  the  gas  chromatograph 
so  that  the  carrier  gas  enters  the  cartridge  in  the  same  direction 
as  during  sample  collection  (which  is  opposite  to  the  direction  of 
gas  flow  during  P-T-D  GC/MS  analysis).  The  glass  cartridge  should 
be  attached  to  the  injection  port  of  a  gas  chromatograph.  The 
injector  temperature  is  maintained  at  160*C,  and  the  carrier  gas 
flow  through  the  cartridges  should  be  maintained  at  about  50 
ml/min. 

6.2.4  The  flash  evaporation  technique  requires  filling  the 
needle  of  a  5.0  (ul)  syring*  with  clean  methanol  and  drawing  air 
into  the  syringe  until  the  tip  of  the  plunger  reaches  the  1.0  ul 
mark.  This  is  followed  by  drawing  a  methanolic  solution  of  the 
calibration  standards  (containing  25  ug/ul  of  the  internal 
standard)  until  the  tip  of  the  plunger  reaches  the  3.0  ul  mark. 

The  contents  of  the  syringe  should  be  slowly  expelled  through  the 
gas  chromatograph  injection  port  over  about  15  seconds.  After  25 
seconds  have  elapsed,  the  gas  flow  through  the  cartridge  should  be 
shut  off,  the  syringe  removed,  and  the  cartridge  analyzed  by  the 
P-T-D  GC/MS  procedure  outlined  in  Section  10.2.  The  total  flow  of 
gas  through  the  cartridges  during  addition  of  calibration  standard 
to  blank  cartridges,  or  internal  standards  to  sample  cartri  dges  , 
should  be  25  ml  or  less  to  avoid  breakthrough  of  volatile  sample 


components . 


6.2.5 


Analyze  each  calibration  standard  on  both  Tanax  and 


Tanax/charcoal  cartridges  according  to  Section  10.  The  calibra 
tion  procedures  shall  be  identical  to  those  used  for  analysis  c 
sample  cartridges.  If  cartridges  are  analyzed  separately,  then 
the  Tenax  and  Tenax/charcoal  cartridges  must  be  calibrated  sepa 
rately.  The  direction  of  carrier  gas  flow  through  the  cartridg 
during  the  desorption  step  should  be  opposite  from  the  gas  flow 
through  the  cartridge  during  sample  collection  so  the  inlet  sid 
of  the  cartridge  during  sample  collection  becomes  the  outlet  si 
during  P-T-D  analysis.  Tabulate  the  area  response  of  the  chara 
teristic  ions  of  each  analyte  against  the  concentration  of  the 
internal  standard  and  calculate  response  factor  (RF)  for  each 
compound  using  Equation  1. 


es 


te 

de 

lc- 


RF  -  AsCi9/AtsCs  It  1  ] 

where  As  »  Area  of  the  characteristic  ion  for  the  analyte 
to  be  measured 

Ais  ■  Area  of  the  characteristic  ion  for  the  internal 
standard 

Cjs  ■  Amount  (ng)  of  the  internal  standard 
C3  *  Amount  ( ng )  of  the  volatile  POHC  in  calibration 
standard 


If  the  RF  value  over  the  working  range  is  a  constant  (<10%  RSD) 
the  RF  can  be  assumed  to  be  invariant  and  the  average  RF  can  be 
used  for  ca leu iat ions .  Alternatively,  the  results  can  be  used 
plot  a  calibration  curve  of  response  ratios,  As/Ais  versus  RF . 
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6.2.6  The  working  calibration  curve  or  RP  must  be  verified  on 
aach  working  day  by  the  measurement  of  ona  or  mora  of  tha  cali¬ 
bration  standards.  If  tha  rasponsa  varies  by  mora  than  *25%,  new 
calibration  standards  must  ba  prepared  and  analyzed. 

7 .  QUALITY  CONTROL 

7.1  Each  laboratory  that  uses  this  method  is  required  to  operate 
a  formal  quality  control  program.  The  minimum  requirements  of 
this  program  consist  of  an  initial  demonstration  pf  laboratory 
capability  and  the  analysis  of  blank  Tenax  and  Tenax/charcoa 1 
cartridges  spiked  with  the  analytes  of  interest.  The  laboratory 
shall  demonstrate  collection  and/or  recovery  efficiencies  for 
compounds  with  boiling  points  outside  the. 30*  to  100®C  range, 
which  meet  the  method  criteria,  prior  to  field  use  of  the  VOST 
(Part  A,  Section  3.2).  The  laboratory  is  required  to  maintain 
performance  records  to  define  the  quality  of  data  which  are 
generated.  Ongoing  performance  checks  must  be  compared  with 
established  performance  criteria  to  determine  if  results  are 
within  the  expected  precision  and  accuracy  limits  of  the  method. 
(Note:  NBS  traceable  audit  cylinders  are  being  developed  by 

Research  Triangle  Institute  under  the  direction  of  USEPA-EMSL, 
Research  Triangle  Park,  NC .  The  cylinders  may  be  used  for 
performance  trials  and  evaluation  of  collection  and  recovery 
efficiencies  in  lieu  of  the  methods  specified  in  this  section.), 
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7.1.1  Be  fore  performing  any  analyses,  tha  analyst  must  da mon- 
strata  the  ability  to  ganarata  accaptabla  pracision  and  accuracy 
with  this  mathod.  This  ability  is  astablishad  as  dascribad  in 
Saction  7.2. 


7.1.2  Recovery  data  for  compounds  boiling  between  100*  and 
1S0*C  must  ba  provided  which  meats  the  metnod  criteria  (see 
Section  7.2.2).  Laboratory  evaluation  is  required  in  lieu  of  tnat 
data.  The  method  of  evaluation  is  that  specified  in  Section  7.2 
with  the  exception  that  it  is  not  required  to  pull  20  liters  of 
organic-free  nitrogen  through  the  sorbent  cartridges.  , 


7.1.3  Laboratory  evaluation  of  collection  and  recovery  effi¬ 
ciencies  shall  be  performed  for  compounds  with  boiling  points 
below  30 *C .  Due  to  the  possibility  of  sample  breakthrough  and 
poor  recovery  of  the  sample  from  the  charcoal,  the  evaluation 
shall  be  comparable  to  that  described  in  Reference  5.  A  gas 
stream  containing  the  POHC  shall  be  generated  and  sampled  using 
the  VOST .  The  sampling  rate  for  the  laboratory  evaluation  shall 
be  the  same  as  that  proposed  for  field  application.  The 
laboratory  evaluation  must  meet  the  precision  and  accuracy 
criteria  described  in  Section  7.2.2. 


7.1.4  The  laboratory  must  spike  all  Tenax  and  Tenax/charcoa 1 
cartridges  with  the  internal  standard(s)  to  monitor  continuing 
laboratory  performance.  This  procedure  is  described  in 


Section  6.2. 
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7.2  To  establish  the  ability  to  generate  acceptable  accuracy  and 
precision,  tha  analyst  must  spike  blank  Tenax  and  Tenax/charcoal 
with  tha  analytes  of  interest  at  two  concentrations  in  tha  working 
range  by  tha  flash  vaporization  technique  discussed  in  Sections 

6.2.3  and  6.2.4.  The  cartridges  are  removed  from  the  gas  chroma¬ 
tograph  and  connected  to  a  source  of  organic-free  nitrogen.  The 
cartridges  sample  20  liters  of  nitrogen  at  a  flow  rate  equivalent 
to  that  proposed  for  field  use  of  VOST . 

7.2.1  The  average  response  factor  (RF)  and  the  standard  devia¬ 
tion  (S)  for  each  must  be  calculated. 

7.2.2  The  average  recovery  and  standard  deviation  must  fall 
within  the  expected  range  for  determination  of  volatile  POHCs 
using  this  method.  The  expected  range  for  recovery  (indicative  of 
accuracy)  of  volatile  POHCs  using  this  method  is  *50  percent.  The 
expected  standard  deviation  is  25  percent. 

7.3  The  analyst  must  calculate  method  performance  criteria  for 
the  internal  standard  . 

7.3.1  Calculate  upper  and  lower  control  limits  for  method 
performances  using  the  average  area  response  (A!  and  standard 
deviation  (S)  for  internal  standard: 

Upper  Control  Limit  (UCL)  *  A  -*■  3S 
Lower  Control  Limit  (LCL)  *  A  -  3? 


UB 


The  UCL  and  LCL  can  b«  used  to  construct  control  charts  which  are 
useful  in  observing  trends  in  performance.  The  control  limits 
must  be  replaced  by  method  performance  criteria  as  they  become 
available  from  the  USEPA. 

7.4  Each  day,  the  analyst  must  demonstrate  through  analysis  of 
blank  Tenax  and  Tenax/charcoal  cartridges  and  reagent  water  that 
interferences  from  the  analytical  system  are  under  control. 

8.  SAMTLE  COLLECTION,  PRESERVATION  AND  HANDLING 

8.1  The  requirements  for  sample  collection,  preservation,  and 
handling  are  described  in  Part  A  of  this  protocol. 

9.  DAILY  GC/MS  PERFORMANCE  TESTS 

9.1  The  daily  GC/MS  performance  tests  required  for  this  method 
are  described  in  Section  10  of  EPA  Method  624  (9).  The  Key 
abundance  criteria  for  BFB  which  must  be  met  before  any  samples 
are  analyzed  are  listed  below.  This  can  be  done  by  injecting  50 
ng  of  BFB  directly  on  the  column  or  by  adding  50  ng  of  BFB  to  a 
blank  Tenax  sorbent  cartridge  (see  Sections  6.2.3  and  6.2.4)  and 
desorbing  this  cartridge  according  to  the  procedures  described  in 
Section  10.  The  latter  procedure  is  preferred  when  all  sample 
sorbent  cartridges  are  spiked  with  BFB  in  addition  to  one  or  more 
of  the  internal  standards  discussed  in  Section  6.2.1. 
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BFB  KEY  ION  ABUNDANCE  CRITERIA 


Mass 

50 

75 

95 

96 

173 

174 

175 

176 

177 


Ion  Abundance  Criteria 


95 

95 

lative  Abundance 


15  to  40%  of  mass 
30  to  60%  of  mass 
Base  Peak,  100%  Ret 
5  to  9%  of  mass  9 5 
<2%  of  mass  174 
>50%  of  mass  95 
5  to  9%  of  mass  1|4 
>95%  but  <101%  of  mass  174 
5  to  9%  of  mass  1/6 


10.  SAMPLE  DESORPTION  AND  GAS  CHROMATOGRAPHY 

10.1  The  P-T-D  GC/MS  procedures  are  those  described  in  Section  11 
of  Method  624  (9)  with  the  addition  of  the  procedure  described  in 


Section  10.2  for  desorption  of  Tenax  and 
cartridges . 


Tenax/charcoa 1 


10.2  The  schematic  of  the  P-T-D  GC/MS  system  is  shown  in  Figure 
6.  The  sample  cartridge  is  placed  in  the  thermal  desorption 
apparatus  (Nutech  320  or  equivalent)  and  desorbed  in  the  P-T-D 
system  by  heating  to  1808C  for  10  minutes.  Sample  cartridges  may 
be  desorbed  in  pairs.  However,  if  the  analyte  concentrations  are 
anticipated  to  be  sufficiently  high  to  saturate  the  GC/MS  when 


desorbed  in  pairs,  consideration  should 


be  given  to  individual 


analysis  of  cartridges.  The  desorbed  components  pass  into  the 

j 

bottom  of  the  water  column,  are  purged  from  the  water  and 
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collected  on  the  analytical  sorbent  trap.  After  the  10-minute 
desorption  period,  the  compounds  are  desorbed  from  the  analytical 
sorbent  trap  into  the  GC/MS  system  according  to  the  procedures 
described  in  Section  11  of  Method  624. 

11.  AQUEOUS  CONDENSATE 

11.1  Analysis  of  aqueous  condensate  samples  should  be  performed 
according  to  the  procedures  described  ».n  References  8  and  9.  If 
the  volatile  POHCs  of  interest  are  water  soluble,  it  is  necessary 
to  demonstrate  that  this  metnod  is  capable  of  recovery  of  the 
volatile  POHCs  of  interest  using  Method  624.  This  can  be  accom¬ 
plished  by  P-T-D  GC/MS  analysis  of  reagent  water  which  has  been 
fortified  with  the  analytes  of  interest. 
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11.2  If  adequate  recovery  of  water  soluble  volatile  POHCs  cannot 
be  achieved  using  the  procedures  described  in  References  8  and  9, 
alternative  methods  for  analysis,  such  as  direct  aqueous  inject¬ 
ion,  may  be  required.  If  an  alternative  analytical  method  is 
used,  method  performance  must  be  documented  by  analysis  of  labora¬ 
tory  reagent  water  which  has  been  fortified  with  the  volatile 
POHCs  of  interest. 


11.3  Methods  for  analysis  of  water  soluble  volatile  POHCs  in 
aqueous  condensate  are  currently  under  development. 


12.  QUALITATIVE  IDENTIFICATION 

12.1  The  qualitative  identification  procedure  of  volatile  POHCs 
using  this  protocol  is  described  in  Section  12  of  Method  624  (9). 
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13. 


CALCULATIONS 


13.1  When  an  analyte  has  been  qualitatively  identified,  quantifi¬ 
cation  should  be  based  on  the  integrated  abundance  from  the  EICP 
of  the  primary  characteristic  ion  chosen  for  that  analyte.  If  the 
sample  produces  an  interference  for  the  primary  characteristic 
ion,  a  secondary  characteristic  ion  should  be  used. 

13.1.1  Using  the  internal  standard  calibration  procedure,  the 
amount  of  analyte  in  the  sample  cartridge  is  calculated  using  the 
response  factor  (RF)  determined  in  Section  6.2.5  ant.  uation  2. 

Amount  of  POHC  *  AsCis/AisRF  [2J 

where  As  *  Area  of  the  characteristic  ion  for  the  analyte 
to  be  measured 

A i g  a  Area  for  the  characteristic  ion  of  the  internal 
standard 

Cis  *  Amount  (ng)  of  internal  standard 

13.1.2  The  choice  of  methods  for  evaluating  data  collected  using 
VOST  for  incinerator  trial  burns  is  a  regulatory  decision.  The 
procedures  used  extensively  by  one  user  are  outlined  below  (10). 

13.1.3  The  total  amount  of  the  POHCs  of  interest  collected  on  a 
pair  of  traps  should  be  summed.  These  values  should  then  be  blank 
corrected.  Guidelines  for  blank  correction  of  sample  cartridges 


13.1.3.1  After  rll  blanks  (field  and  trip)  are  analyzed,  a 
paired  t-test  should  be  used  to  determine  whether  trip  blanks  are 
significantly  different  from  field  blanks.  If  no  difference  is 
found,  then  the  mean  and  standard  deviation  of  the  combined  field 
and  trip  blanks  for  each  POHC  of  interest  is  calculated,  and  that 
value  is  used  as  the  blank. 

13.1.3.2  If,  using  the  paired  t-test,  the  field  and  trip  blanks 
are  determined  to  be  different,  then  the  field  blank  (or  the  mean 
of  multiple  field  blanks)  associated  with  a  particular  run  should 
be  used  as  the  blank  value  for  that  particular  run. 

13.1.3.3  If  an  individual  field  blank  is  used  as  the  blank  value 
for  a  particular  run,  the  VOST  user  must  evaluate  whether  this 
blank  is  different  from  sample  cartridges  associated  with  this 
blank.  Although  no  specific  criteria  are  offered  here  for  guid¬ 
ance  in  this  case,  specific  criteria  for  use  of  individual  field 
blanks  for  blank  correction  will  be  developed  as  more  data  for  use 
of  VOST  becomes  available.  This  situation  can  be  alleviated  by 
including  two  field  blanks  (i.e.,  two  blank  Tenax  and  two  blank 
Tenax/charcoal  cartridges)  per  run. 

13.1.4  Next,  for  each  sample/POHC  combination,  a  determination 
must  be  made  as  to  whether  a  particular  sample  is  s igni f icant  ly 
different  from  the  associated  blank.  If  the  mean  of  the  trip  and 
field  blanks  is  used,  then  a  sample  is  different  from  the  blank  if: 
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(measured  sample  value)-(mear.  blank  value)  >3 
x  blank  standard  deviation. 

If  the  sample  is  determined  to  be  different  from  the  blank  accord¬ 
ing  to  the  above  criteria,  then  .the  emission  value  of  a  particular 
POHC  is  blank  corrected  by  subtracting  the  mean  blank  value  (as 
defined  in  Section  12.1.3)  from  the  measured  sample  value.  (If  an 
individual  field  blank  is  used  as  the  blank  value,  the  above 
criteria  do  not  apply.) 

13.1.5  If,  according  to  the  above  procedures,  the  sample  cannot 
be  distinguished  from  the  blank  (i.e.,  for  a  given  POHC  there  is  a 
high  sample  value  and  high  blank  value  or  there'  is  a  low  sample 
value  and  low  blank  value) ,  the  measured  sample  value  is  not  blank 
corrected.  In  this  case,  the  measured  sample  value  is  used  to 
calculate  a  maximum  emission  value  (and  therefore  a  minimum  DRE 
value)  for  that  particular  run. 

13.1.6  The  observation  of  high  concentrations  of  POHCs  of  inter¬ 
est  in  blank  cartridges  indicates  possible  residual  contaminr. cion 
of  the  sorbent  cartridges  during  shipment  and  use  at  the  site. 

Data  which  fall  in  this  category  (especially  data  indicating  high 
concentrations  of  POHCs  in  blank  sorbent  cartridges)  should  be 
qualified  with  regard  to  va 1 id i ty , ■ a nd  blank  data  should  be  re¬ 
ported  separately.  The  applicability  of  data  of  this  type  to  the 
determination  of  DRE  is  a  regulatory  decision.  Continued  observa¬ 
tion  of  hign  concentrations  of  POHCs  in'  blank  sorbent  cartridges 
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indicates  that  procedures  for  cleanup,  monitoring,  shipment  and  <£•. 

storage  of  sorbent  cartridges  by  a  particular  user,  be  investi¬ 
gated  to  eliminate  this  problem. 


13.1.7  After  blank  corrections  have  been  made,  the  amounts  of  iftc 

individual  POHCs  on  each  sorbent  cartridge  used  for  a  given  run  is  eas 

ft? 

summed  and  divided  by  the  volume  of  gas  sampled  to  obtain  the  '* 

concentration  of  each  POHC  in  the  stack  gas. 


13.1.8  If  any  internal  standard  recoveries  fall  outside  the  con¬ 
trol  limits  established  in  Section  7.3.1,  data  for  all  analytes 
determined  for  that  cartridge(s)  must  be  qualified  with  the 
observation. 


14.  METHOD  PERFORMANCE 

14.1  The  method  detection  limit,  average  recoveries  and  standard 
deviation  of  the  average  recoveries  of  the  analytes  determined 
using  this  method  have  not  yet  been  established.  The  method 
performance  will  be  documented  as  more  data  become  available. 
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0RCAN7C  sol  visits  in  air. 


Physical  and  Chemical  Andys is  Branch 
Annlvtical  Method 


1.  Principle  of  the  Method 


1.1  A  knevn  volume  of  air  is  drawn  through  a  charcoal  tube  to  trap  the 
organic  vapors  present. 

1.2  The  charcoal  i rt  the  tube  is  transferred  to  a  seal!,  graduated  test 
tube  end  desorbed  with  c3rbon  disulfide. 

1.3  An  aliquot  of  the  desorbed  sample  is  injected  into  a  gas  chromato¬ 
graph. 

1.4  The  area  of  toe  resulting  peak  is  determined  and  compared  with  areas 
o'  tained  from  the  injection  of  standards. 

Range  nr.d  Sensitivity 

The  lower  li-.it  in  -g/sample  fer  the  specific  compound  at  16  x  1 
attenuation  on  a  zas  chronatozraoh  fitted  with  a  10:1  splitter  is 
shown  in  "able  1.  This  value  can  be  lowered  by  reducing  the 
attenuation  or  bv  eliminating  the  10:1  splitter. 


.ntenterences 


Vher.  the  amount  of  water  in  the  u:  is  so  C.-.'C  ccn.cer.sa  t  ic  n 

ac'uailv  occurs  in  the  tube,  omn.ic  vapors  will  not  b-  :. “erred. 
?re  i  i-inarv  rir.en  t indin:te  that  hith  humidity  severe!  ■' 

deerr  ises  :l-e  hre’.kthrou  th  vr.iure. 


re  -  iv  ! : 
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3.3  It  must  be  emphasized  that  any  compound  which  has  the  same 
retention  time  as  the  specific  compound  under  study  at  the 
operating  conditions  described  in  this  method  is  an  inter¬ 
ference.  Hence,  retention  time  data  on  a  single  column,  or 
even  on  a  number  of  columns,  cannot  be  considered  as  proof 
of  chemical  identity.  For  this  reason  it  is  important  that 

a  sample  of  the  bulk  solvent (s)  be  submitted  at  the  same  time 
so  that  identity (ies)  can  be  established  by  other  means. 

3.4  If  the  possibility  of  interference  exists,  separation  conditions 
(column  packing,  temperatures,  etc.)  must  be  changed  to  circum¬ 
vent  the  problem. 

4.  Precision  and  Accuracy 

4.1  The  mean  relative  standard  deviation  of  the  analytical  method  is 
8Z.  (Ref.  11.4). 

4.2  The  mean  relative  standard  deviation  of  the  analytical  method 
plus  field  sampling  using  an  approved  personal  sampling  pump  is 
10%  (Ref.  11.4).  Part  of  the  error  associated  with  the  method 
is  related  to  uncertainties  in  the  sample  volume  collected.  If 

a  more  powerful  vacuum  pump  with  associated  gas-volume  integrating 
equipment  is  used,  sampling  precision  can  be  improved. 

4.3  The  accuracy  of  the  overall  sampling  and  analytical  method  is  10Z 
(NIOSH's  unpublished  data)  when  the  personal  sampling  pump  is 
calibrated  with  a  charcoal  tube  in  the. line. 

5.  Advantages  and  Disadvantages  of  the  Method 

5.1  The  sampling  device  is  small,  portable,  and  involves  no  liquids. 
Interferences  are  minimal,  and  most  cf  those  which  do  occur  can  be 
eliminated  by  altering  chromatographic  conditions.  The  tubes  are 
analyzed  by  means  of  a  quick, 1  instrumental  method:  The  method  can 
also  be  used  for  the  simultaneous  analysis  of  two  or  more  solvents 
suspected  to  be  present  in  the  same  sample  by  simply  changing  gas 
chromatographic  conditions  from  isothermal  to  a  tenperature- 
progratmed  mode  of  operation. 

5.2  One  disadvantage  of  the  method  is  that  the  amount  of  sample  which 
can  be  taken  is  limited  by  the  number  of  milligrams  that  the  tube 
will  hold  before  overloading.  When  the  sample  value  obtained  for 
the  backup  section  of  the  charcoal  trap  exceeds  25%  of  that  found 
on  the  front  section,  the  possibility  of  sample  loss  exists. 

Durinc  sample  storage  the  more  volatile  compounds  will  migrate 

.k r 'ughout  the  tube  -.mcII  equilibrium  Is  reached  (53%  or  tnt 
sample  on  the  backup  section). 
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5.3  Furthermore,  the  precision  of  the  method  is  limited  by  the 

reproducibility  of  the  pressure  drop  across  the  tubes.  This 
drop  will  affect  the  flow  rate  and  cause  the  volume  to  be 
imprecise,  because  the  pump  is  usually  calibrated  for  one 
tube  only. 

6.  Apparatus 

6.1  An  approved  and  calibrated  personal-sampling  pump  for  personal 

samples.  For  an  area  sample  any  vacuum  pump  whose  flow  can  be 
determined  accurately  at  1  liter  per  minute  or  less. 

6.2  Charcoal  tubes:  glass  tube  with  both  ends  flame  sealed,  7  cm 
long  with  a  6-mm  O.D.  and  a  4-tran  I.D.,  containing  2  sections  of 
20/40  mesh  activated  charcoal  separated  by  a  2-!-mm  portion  of 
urethane  foam.  The  activated  charcoal  is  prepared  from  coconut 
shells  and  is  fired  at  G00°C  prior  to  packing.  The  absorbing 
section  contains  100  mg  of  charcoal,  the  backup  section  50  mg. 

A  3-mm  portion  of  urethane  foam  is  placed  between  the  ouclet 
end  of  the  tube  and  the  backup  section.  A  plug  of  silylated 
glass  wool  is  placed  in  frontof  the  absorbing  section.  The 
pressure  drop  across  the  tube  must  be  less  than  one  inch  of 
mercury  at  a  flow  rate  of  1  lorn. 

6.3  Gas  chromatograph  equipped  with  a  flame  ionization  detector. 


aesh,  acid-washed  DMCS  Chronosorb  solid  support.  Other  columns 
capable  of  performing  the  required  separations  nay  be  used. 


method  for  determining  peak  area. 

6.6  Glass  stoppered  micro  tubes.  The  2.5-ai  graduated  aicrocentr i fuge 
tubes  are  recommended. 

6.7  Hamilton  svringes:  10  _  1 ,  ar.d  convenient  sices  for  making 
standards . 

6.3  Pipe;*;:  0.3  mi  delivery  pipe's  or  1.0  m<  type  graduated  in 
0.1  mi  increments . 


6.9  Volumetric  f 
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7.2  Sample  of  the  specific  compound  coder  study,  preferably 
chromatoquality  grade. 

7.3  Bureau  of  Mines  Grade  A  helium. 

7.4  Prepurified  hydrogen. 

7.5  Filtered  compressed  air. 

Procedure 

8.1  Cleaning  of  Equipment.  All  glassware  used  for  the  laboratory 
analysis  should  be  detergent  washed  and  thoroughly  rinsed  with 
tap  water  and  distilled  water. 

8.2  Calibration  of  Personal  Pumps.  Each  personal  pump'  must  be 
calibrated  with  a  representative  charcoal  tube  in  the  line.  This 
will  minimize  errors  associated  with  uncertainties  in  the  sample 
volume  collected. 

8-3  Collection  and  Shipping  of  Samples 

8.2.1  Immediately  before  sampling,  the  ends  of  the  tube  should 
be  broken  to  provide  an  opening  at  least  one-half  the 
internal  diameter  of  the  tube  (2mn) . 

8.3.2  The  smaller  section  of  charcoal  is  used  as  a  back-up  and 
should  be  positioned  nearest  the  sampling  pump. 

8.3.3  The  charcoal  cube  should  be  vertical  during  sampling. 

8.3.4  Air  being  sampled  should  not  be  passed  through  any  hose 
or  tubing  before  entering  the  charcoal  tube. 

8.3.5  The  flow,  tine,  and/or  volume  must  be  measured  as  accurately 
as  possible.  The  sample  should  be  taken  at  a  flow  rate  of 

1  I pm  or  less  to  attain  the  total  sarnie  volume  required. 

The  minimum  and  maximum  sample  volumes  that  should  be 
collected  for  each  solvent  are  shown  in  TabLe  1.  The 
minimum  volume  quoted  must  be  collected  if  the  desired 
sensitivity  is  to  be  achieved. 

8.3.6  The  temperature  and  pressure  of  the  atmosphere  bein?  sampled 
should  be  measured  and  retarded. 

The  charcoal  tubes  she:!  :  he  ..none  1  i :  h.  the  sung !  led  plastic 
caps  im.medl  a"elv  after  s  mol  in*.  Vnder  no  c  i  revs  t  antes 
should  rubber  caps  he  u.-e.:. 
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8.3.8  One  tube  should  be  handled  in  Che  same  manner  as  Che 
sample  Cube  (break,  seal,  and  cransporc),  excepc  that 
no  air  is  sampled  Chrough  Chis  Cube.  This  tube  should 
be  labeled  as  a  blank. 

8.3.9  Capped  tubes  should  be  packed  tightly  before  they  are 
shipped  to  mininize  tube  breakage  during  shipping. 

8.3.10  Samples  of  the  suspected  solvent(s)  should  be  subnitted 
to  the  laboratory  in  containers  furnished  by  NIOSH  for 
such  purpose.  These  liquid  bulk  samples  should  not  be 
transported  in  the  same  container  as  the  samples  or  blank 
tube.  If  possihle,  a  bulk  air  sample  (at  least  50i  air 
drawn  through  tube)  should  be  shipped  for  qualitative 
identification  purposes. 

8.4  Analysis  of  Samples 

8.4.1  Preparation  of  Samples.  In  prepration  for  analysis,  each 
charcoal  tube  is  scored  with  a  file  in  front  of  the  first 
section  of  charcoal  and  broken  open.  The  glass  wool  is 
removed  and  discarded.  The  charcoal  in  the  first  (lar-er) 
section  is  transfer- nod  to  a  small  stoppered  test  tube.  The 
separating  section  of  foam  is  removed  and  discarded:  the 
second  section  is  transferred  to  another  test  tube.  These 
two  sections  are  analyzed  separately. 

8.4.2  Desorption  of  Samples.  Prior  to  analysis,  one-half  ml  of 
carbon  disulfide  is  pipetted  into  each  test  tube.  (Ail  work 
with  carbon  disulfide  should  be  performed  in  a  hood  because 
of  its  high  toxicity.)  Tests  indicate  that  desorption  is 
complete  in  30  minutes  if  the  sample  is  stirred  occasionally 
durinz  this  period.  The  use  of  graduated  glass-stoppered , 
tnicrocer. tri  fuze  tubes  is  recommended  so  that  one  ran  observe 
anv  apoarer.t  change  ir.  volume  during  the  desorption  process. 
Carbon  disulfide  is  a  very  volatile  solvent,  so  volume 
changes  can  occur  during  the  desorption  orocess  decer.d  Inc  on 
the  surrounding  temperature.  The  initial  volume  ccoupieJ  by 
the  charcoal  plus  the  0.3  m. •'  C5-,  should  be  noted  ar.i  corres¬ 
pondin'.:  volume  adjustments  should  he  made  whenever  r.ecussnrv 
just  before  r.C  analysis. 


2.4.3 
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5.  200*C  manifold  temperature  (detector) 

6.  Isothermal  oven  or  column  temperacure  -  refer  to  Table  1 
for  specific  compounds. 

8.4.4  Injection.  The  first  step  in  the  analysis  is  the  injection 
of  the  sample  into  the  gas  chromatograph.  To  eliminate 
difficulties  arising  from  blowback  or  distillation  within 
the  syringe  needle,  one  should  employ  the  solvent  flush 
injection  technique.  The  10  v l  syringe  is  first  flushed 
with  solvent  several  times  to  wet  the  barrel  and  plunger. 
Three  raicroliters  of  solvent  are  drawn  into  the  syringe 

to  increase  the  accuracy  and  reproducibility  of  the 
injected  sample  volume.  The  needle  is  removed  from  the 
solvent,  and  the  plunger  is  pulled  back  about  0.2  u£  to 
separate  the  solvent  flush  from  the  sample  with  a  pocket 
of  air  to  be  used  as  a  marker.  The  needle  is  then  immersed 
in  the  sample,  and  a  5-u l  aliquot  is  withdrawn,  taking  into 
consideration  the  volume  of  the  needle,  since  the  sample  in 
the  needle  will  be  completely  injected.  After  the  needle 
is  removed  from  the  sample  and  prior  to  injection,  the 
plunger  is  pulled  back  a  short  distance  to  minimize  evap¬ 
oration  of  the  sample  from  the  tip  of  the  needle.  Duplicate 
injections  of  each  sample  and' standard  should  be  made.  No 
more  than  a  32  difference  in  area  is  to  be  expected. 

8.4.5  Measurement  of  area.  The  area  of  the  sample  peak  is  measured 
by  an  electronic  integrator  or  some  other  suitable  form  of 
area  measurement,  and  preliminary  results  are  read  from  a 

/'  standard  curve  prepared  as  discussed  below. 

5  Determination  of  Desorption  Efficiency 

8.5.1  Importance  of  determination.  The  desorption  efficiency  of  a 
particular  conpour.d  can  vary  from  one  laboratory  to  another 
and  also  from  one  batch  of  charcoal  to  another.  Thus,  it  is 
necessary  to  determine  at  least  once  the  percentage  of  the 
specific  compound  that  is  removed  in  the  desorption  process 
for  a  given  '  -npound,  provided  the  sane  batch  of  charcoal  is 
used.  The  Physical  and  Chemical  Analysis  Branch  of  NIOSH 
has  found  that  the  desorpticn-  efficiencies  for  the  compounds 
in  Table  1  are  between  310  and  100"  and  vary  with  each  batch 

- —  of  charcoal. 

3.5.2  Procedure  for  deter~.ir.inc  desorption  efficiency,  .-'ctivated 

charcoal  equivalent  tc  the  amount  in  the  first  section  of  the 
sampling  tube  (in'1  re)  is  measured  into  a  5cm,  4 -mm  1.0. 
class  tube,  f  la-e-sea  led  at  or.e  er.i  (similar  to  commerc  iallv 
available  culture  tubes),  “his  c1' t  renal  must  ’-v  from  the 
sa-e  hatch  as  teat  usee  in  obtaining  the  samples  *>.ri  can  be 
lvi  lined  i  rv.  _ s-.-J  rtc.il  .a'.  .  . .  :  h.v  »  .1  1.,  v.a. 
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with  Parafiln.  A  known  amount  of  the  compound  is  injected 
directly  into  the  activated  charcoal  with  a  microlitar 
syringe,  and  the  tube  is  capped  with  more  Parafilm-  The 
amount  injected  is  usually  equivalent  to  that  present  in 
a  10-litsr  sample  at  a  concentration  equal  to  the  federal 
standard. 

At  leant  five  tubes  are  prepared  in  this  manner  and  allowed 
to  stand  for  at  least  overnight  to  assure  complete  abosrption 
of  the  specific  compound  onto  the  charcoal.  These  five  tubes 
are  referred  to  as  the  samples.  A  parallel  blank,  tube  should 
be  treated  in  the  same  manner  except  that  no  sample  is  added 
to  it.  The  sample  and  blank  tubes  are  desorbed  and  analyzed 
in  exactly  the  same  manner  as  the  sampling  tube  described  in 
Section  8.3. 

Two  or  three  standards  are  prepared  by  injecting  the  same 
volume  of  comoound  into  0.5  m£  of  CS2  with  the  same  syringe 
used  in  the  preparation  of  the  sample.  These  are  analyzed 
with  tha  samples. 
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The  desorption  efficiency  equals  the  difference  between  the 
average  peak  area  of  the  samples  and  the  peak  area  of  che 
blank  divided  by  the  average  peak  area  of  the  standards,  or 


desorption  efficiency 


Area  sample  -  Area  blank 
Area  standard 


9.  Calibration  and  Standards 


It  is  convenient  to  express  cone  ntration  of  standards  in 
mg/0.5  mi  CSj  because  samples  are  desorbed  in  this  amount 
minimize  error  due  to  the  volatilit"  of  carbon  disulfide. 
20  times  the  weight  into  10  n ■  of  C5->.  ror  example,  to  p 
0.5  r.'  standard,  one  vruld  inject  6.0'  mg  into  exactly  1C 
g Lass-sccp?e:;ed  flask.  The  density  of  tne  spetitit  conpc 
convert  6.0  -g  into  r.icroliters  for  easy  measure-ent  with 
syringe.  A  series  of  standards,  varying  in  concentration 
cf  interest,  is  nre-ared  and  .'naive  y  under  the  same  GC  t. 
during  the  s.a~e  ti-e  period  as  to-  unknown  single-.  Guru 
lished  bv  plotting  ccnoettrit  .on  in  —  on  versus  rea.< 


terms  of 
of  CS?  .  To 
one  can  inject 
spare  a  0.3  mg/ 
o:  C 1 2  in  a 
nd  is  used  to 
a  micro] i ter 
over  the  range 
nd it  ions  and 
s  ire  e  s  t a  b  - 
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10.  Calculations 

10.1  The  weight,  in  r.g,  correspond  in?:  to  each  peak  area  is  read  from 
the  standard  curve  for  the  part  i<~ul n r  compound,  f'o  volume 
corrections  are  needed,  because  the  standard  curve  is  based  on 
mg/0.5  mf-  CS2  and  the  volume  of  sample  injected  is  identical  to 
t lie  volume  of  the  standards  injected. 

10.2  Corrections  for  the  blank  must  be  made  for  each  sample. 

Correct  mg  »  mgs  -  mgfa 

where: 

mgs  *  mg  found  in  front  section  of  sample  tube 
nB]j  *  ®g  found  in  front  section  of  blank  tube 

A  similar  procedure  is  followed  for  the  backup  sections. 

10.3  The  corrected  amounts  present  in  the  front  and  backup  sections  of 

the  same  sample  tube  are  added  to  determine  the  total  measured  anount 
in  the  sample. 

10.4  This  total  weight  is  divided  by  the  determined  desorption  efficiency 
to  obtain  the  total  eg  per  sample. 

10.5  The  volume  of  air  sampled  is  converted  to  standard  conditions  oE 
of  25”C  and  760  mm  Hg’. 

29S 


V  *  760  T+273 


where : 


V  *  volume  of  air  in  liters  at  25°C  and  760  me  Kg 
s 

V  =  volume  of  air  in  liters  as  measured 

?  =  Saronetric  pressure  in  cm  Hg 

T  *  Temperature  of  air  in  degree  centigrade 


10.5  The  concentration  of  the  organic  solvent  in  the  air  sampled  can  be 


ertpressec  m  eg  p« 
c  *  air 

_ /  _  2  -  ..  1  -  - 


which  is  numerically  ecuai  to  ..g  ter 

.  no  ftectlou  10.  A'  >:  10  or 
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Another  retard  of  expressing  concentration  is 
ccmn.’unas  p.-r  liter  r  air 

ppm  =  ..  of  .'om.nour.d .’V 
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TABLE  II 


CHEMICALS  WHICH  HAVE  GREATER  THAN  802 
DESORPTION  EFFICIENCY  RUT  HAVE  NOT  BEEN 
THOROUGHLY  TESTED  BY  NIOSH 

Class  E  (Proposed) 


Acryloniti lie 

Allyl  glycidvl  ether 

n-Amyl  acetate 

2-Butoxyethanol 

n-Butyl  acetate 

n-Butyl  alcohol 

n-Butylglycidyl  ether 

Chlorobenzene 

Cyclohexane 

Cyclohexanone 

o-Di chlorobenzene 

p-Dicnlorobenzene 

Diethyl  ether 

N.N-Di-.ethyl  aniline 

Epichlorchydrin 

2-Ethoxylechvl  acetate 

Ethyl  acetate 

Ethylbenzene 

Ethyl  butyl  ketone 

Fufural 

Heptane 

Hexane 

Isoanyl  acetate 


Isobutyl  acetate 

Isobutyl  alcohol 

Isoctane 

Isophorone 

Isopropyl  acetate 

Isopropyl  glycidyl  ether 

2,6-Lutidine 

Methyl  acetate 

Methyl  acrylate 

Methyl  n-butyl  ketone 

Methyl  ethyl  ketone 

Methyl  isobutyl  ketone 

Methyl  methacrylate 

-i-Mathyl  Styrene 

p-Kethyl  styrer.e 

n-Octane 

,3-Octar.one 

Pentane 

2-Pen tnnor.e 

a-pinene 

n.-Propyl  acetate 
1,1,2, 2-T.etrachloroethane 
Tet  rahydrc  fur an 

Trichlorotrif luoroethane  (Freon  113) 


?-e  commended  Sample  Size 
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209  G  Volatile  and  Fixed  Matter  m  Nontiltrable  Residue  and  m 
Solid  and  Semisolid  Samples 


i  Gerurrai  Discussion 

Ihis  method  is  applicable  to  the  Jeter- 
mmation  <>l  UlUl  residue  on  es  aporadon 
jpO  its  fixed  and  s.datile  tractions  >n  such 
voiid  and  semisolid  samples  as  mer  and 
'.ike  sediments.  sludges  separated  trom 
aaler  and  wastewater  treatment  process¬ 
es  4nd  sludge  cakes  trom  vacuum  nltra- 
!K.n  centrifugation.  or  other  sludge  Jewa- 

The  Jcferrmnjhoft  «>l  h«»<h  ^»>1- 

itile  residue  n  these  materials  is  suhiect  to 
netutoe  error  Jue  to  loss  ol  ammonium 
l4rry>nate  and  volatile  organ 

,u  mailer  wfiiic  Jr' mg  Mthough  this  is 
true  also  lor  wjsiewaier  the  eftcs!  tends 
Ul  v  mssre  pronounced  a  on  sediments 
and  espcsiails  *'lh  sludges  and  sludge 
cake' 

The  mass  ot  organs  matter  reviisered 
•rom  sludge  .nd  -eJiment  require'  a  long 
ff  gniiion  '.me  man  'hat  spesilied  lor  resi¬ 
due  'tom  aasteaaters  effluents.  .o  r«‘l 
luicd  waters  1  .retails  .rs<r.e  'Pesdied 
gnu --on  '.me  .nd  empe'iture  to  sonifol 
iissc'  »f  «c  n.  r^.iru  'alt* 

M  j»sc  ti! 'Ar^iftH'  ^ukWIv  VsJu^ 

‘c'M  '•*  ** c  » 

•  „.n  \’'c*  sif'i  r  C  »f  iS'V’.x'O  'f'ljuc'  **t 

•en  .re  .«•.  '.it-s-r'.  .nd  'af.dls  ih- 

Ngif**  afd  'he  Ilf 

2  if :  I*  i'aS 

v  ■  v.  .-ns  : 1  r.  \  :  .nd  :•««  : 


3  Prcje<!dre 

,i  i,>hJ  ,inJ  wr muJiJ  Himi'lt  ' 

]  1  Total  residue  and  moisture 
ai  Preparation  of  evaporating  dish -Ig¬ 
nite  a  Jean  evaporating  dish  at  550  -  50  C. 
for  |  hr  in  a  muffle  furnace  Co.il  in  a  des¬ 
iccator.  weigh,  and  store  in  a  desiccator 
until  reads  lor  use 

hi  f  luid  samples  — If  the  sample  con- 
tains  enough  moisture  10  flow  more  or  less 
readils  stir  to  homogcni/c.  place  25  to 
M)  g  in  a  prepared  evaporating  dish,  and 
weigh  to  the  nearest  It)  mg  Ksaporate  to 
Jrsness  .in  a  wafer  hath  drs  at  l!»  L  tor  I 
hr  cool  m  an  individual  Jc'i«—alor  con¬ 
taining  tresh  desiccant,  and  weigh 

ci  Solid  samples  — It  the  sample  con¬ 
sists  ol  Jiwrete  pieces  ol  -olid  material 
i  Jew  aiered  sludge,  lor  example’  take 
sores  trom  each  piece  with  a  'so  cork 
•surer  or  pulverize  >hc  enure  sample 
...  irc^K  on  a  Jean  surtase  hs  hand  using 
rubber  gk>'ts  Place  -5  lt>  'd  g  m  a  pre 
rared  esaputalmg  Ji'h  and  *egh  to  the 
nearest  I"  mg  Place  m  an  oven  at  M**  k 
overnight  t  >ol  .n  an  mdis 'dual  desiccator 
containing  tresh  desiccant  and  weigh  P.ii- 
Ringed  heating  mas  result  m  a  loss  ot  solaj 
tile  ucinis  matter  and  All.  *'*  H>‘ 

1  asoallv  is  ne.e"ars  to  Jtv  sample 
thuroughls 

v  \..|jiilc  residue  -Oelcrm.ne  ' ot.it :ur 

>e si<] ue  mv  Hiding  organic  matter  md  ■  oi 

it  ie  norgarus  -.ait'  on  'f’e  ’ ot .11  rc-'duj* 


obtained  in  1 1  above.  Avoid  loss  of  solids 
bv  decrepitation  by  placing  dish  in  a  cool 
muffle  furnace,  heating  furnace  to  550  C. 
and  igniting  for  60  min.  (First  ignite  sam¬ 
ples  containing  large  amounts  of  organic 
matter  over  a  gas  burner  and  under  an  ex¬ 
haust  hood  m  the  presence  of  adequate  air 
to  lessen  losses  due  to  reducing  conditions 
and  to  avoid  odors  in  the  laboratory.)  Cool 
in  a  desiccator  and  reweigh.  Report  results 
as  fixed  residue  (percent  ash)  and  volatile 
residue. 

h.  \onfiltrabie  residue  I suspended 
matter): 

1 )  Preparation  of  glass-fiber  filter- 
place  a  glass-fiber  filter  in  a  membrane  fil¬ 
ter  holder.  Hirsch  funnel,  or  Buchner  fun¬ 
nel.  with  wrinkled  surface  of  filter  facing 
upward.  Apply  vacuum  to  the  assembled 
apparatus  to  seat  filter.  With  vacuum  ap¬ 
plied.  wash  filter  with  three  successive  20- 
mL  portions  of  distilled  water.  After  the 
water  has  filtered  through,  disconnect  vac¬ 
uum.  remove  filter,  transfer  to  an  alumi¬ 
num  or  stainless  steel  planchet  as  a  sup¬ 
port.  and  dry  in  an  oven  at  103  C  for  I  hr 
(30  min  in  a  mechanical  convection  oven). 
If  volatile  matter  is  not  to  be  determined, 
cool  filter  in  a  desiccator  to  balance  tem¬ 
perature  and  weigh.  If  volatile  matter  is  to 
be  determined,  transfer  filter  to  a  muffle 
furnace  and  ignite  at  550  C  for  15  mm.  Re¬ 
move  filter  from  furnace,  place  in  a  desic¬ 
cator  until  cooled  to  balance  temperature, 
and  weigh 

2)  Treatment  of  sample- Except  for 
samples  that  contain  high  concentrations 
of  nltrable  matter,  or  that  filter  very  slow¬ 
ly.  select  a  sample  volume  mLcnv 
nlter  area. 

Place  prepared  filler  in  membrane  filter 
holder  Hirsch  funnel,  or  Buchner  funnel, 
with  wnnkled  surface  upward.  With  vacu¬ 
um  apnlied.  wet  filter  with  distilled  water 
<o  sea.  it  against  holder  or  funnel  Measure 
well-  nixed  sample  with  a  wide-lip  pipe! 
or  craduated  cvlinder  Filter  sample 
through  filter  using  suction  Leaving  suc¬ 


tion  on.  wash  apparatus  three  times  with 
10-mL  portions  of  distilled  water,  allowing 
complete  drainage  between  washings.  Dis¬ 
continue  suction,  remove  filter  and  dry  to 
constant  weight  (see  209B.3c)  at  103  C  for 
1  hr  in  an  oven  (30  min  in  a  mechanical 
convection  oven).  After  drying,  cool  filter 
in  a  desiccator  to  balance  temperature  and 
weigh. 

3)  Filtration  with  Gooch  crucibles— Al¬ 
ternatively.  use  glass-fiber  filters  of  2.2  or 
2.4  cm  diam  with  Gooch  crucibles  and  fol¬ 
low  the  procedure  in  Section  209D.36. 

4)  Ignition— Ignite  filter  with  its  non- 
filtrable  residue  (total  suspended  matter) 
for  15  min  at  550  ~  50  C.  transfer  to  a  dev 
iccator.  cool  to  balance  temperature,  and 
weigh. 

4  Calculation 

a.  Solid  and  semisolid  samples: 

_  A  *  100 

T  total  residue  -  - - - 

.  M  -  O  <  100 

T  volatile  residue  »  - - - 

'r  fixed  residue  *  - - - 

h  Siintiltruhle  residue  l  suspended  mat- 
ten: 

mg  nonfiltrable  volatile  residue  L 
ID  -  fi  ■  1.000  . 

sample  volume.  mL 
mg  nonfiltrable  fixed  residue  L 
C '  •  1.000 
sample  volume.  mL 

where: 

S  -  weight  of  dried  solids,  mg. 

H  -  weight  of  wet  sample,  mg. 

r  -  weight  of  ash.  mg. 

D  -  weight  of  residue  before  gnmon  mg. 
and 

h  -  weight  of  residue  after  ignition  mg 

5  Precision  ana  Accuracy 
See  Section  2l)dD  5 
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APPENDIX  F 


FIELD/ANALYTICAL  DATA 


it 


n 

PARAMETER 

RUN  1 

RUN  2 

RUN  3 

RUN  4 

RUN  5 

RUN  4 

A.  CONTROL  PARAMETERS 

1.  TAR6ET  SOIL  RESIDENCE  TIME  (MIN) 

40,00 

40.00 

45.00 

45.00 

40.00 

45.00 

a.  TARGET  SCREN  SPEED  (SEC/REV) 

12B.57 

128.57 

94.43 

96.43 

128.57 

94.43 

2.  TARGET  SOIL  DISCHARGE  TEMP  (0 

50.00 

50.00 

50.00 

100.00 

100.00 

100.00 

3.  TARGET  AIR  INLET  TEMP  (0 

25.00 

90.00 

25.00 

90.00 

90.00 

25.00 

4.  TARGET  AIR  FLOM  RATE  (DSCFM) 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

8.  SOIL  SYSTEM  PARAMETERS 

1.  TEMPERATURE 

a.  FEED  SOIL  10 

24.57 

24.57 

24.57 

24.57 

24.57 

'  24.57 

b.  PROCESSED  SOIL  (0 

51.72 

40.79 

49.72 

113.72 

97.52 

89.32 

2.  VOCs 

*.  * 

a.  FEED  SOIL 

1.  0ICHLQRQETHYLENE-LA8  (ug/kg) 

550.00 

43000.00 

*77.00 

*31.00 

330000.00 

210000.00 

C0RRE5P  (ug/kg) 

SOL 

540499.29 

BDL 

BDL 

939854.95 

529398.11 

w' 

(t/HR) 

BDL 

t.SllE-01 

SDL 

BDL 

2.080E-01 

2.024E-01 

ie* 

2.  TRICHLOROETHYLENE -LAB  (ug/kg) 

*210.00 

1400000.00 

1400.00 

*41.00 

19000000.00 

11000000.00 

CORRESP  (ug/kq) 

BDL 

3304351.19 

24240.01 

51.12 

3475593.37 

2907304.09 

(I/HR) 

BOL 

4.553E-01 

4.002E-03 

1.588E-05 

7.492E-01 

1.11 36+00 

y 

3.  TETRACHLOROETHYLENE-LA8  (ug/kg) 

*32.00 

1500000.00 

3900.00 

.  180.00 

950000.00 

♦70000.00 

CORRESP  i ug/kq) 

BDL 

2907049.84 

54553.74 

6468.23 

594447.48 

50501.13 

.  , 

(•/HR) 

BDL 

5.741E-01 

9.004E-03 

2.009E-03 

1.320E-01 

1.933E-02 

■ 

4.  IYLEME-IA8  (ug/kg) 

BOL 

18000.00 

♦44.00 

BOL 

320000.00 

380000.00 

C0RRE5P  tug/ kg) 

BDL 

23483.09 

34344.01 

28.86 

298223.84 

291577.20 

il/HR) 

BDL 

4.454E-03 

4.000E-03 

8.965E-06 

4.400E-02 

1.114E-01 

3.  OTHER  VOCs-lAB  (ug/kgj 

740.00 

♦6200.00 

♦20.00 

BDL 

♦70000.00 

*88000.00 

CORRESP  'ug/kg 

BOL 

10091.42 

BDL 

54.89 

144593.38 

89691.54 

' 4/ HR) 

BDL 

2.000E-03 

BDL 

1.747E-05 

3.200E-92 

3.433E-02 

gH 

6.  'OTAL  VQCi-LAB  'ug/kg) 

1552.00 

3187200.00 

5443.00 

252.00 

20470000.00 

11748000.00 

CORRESP  'ug/kg) 

BOL 

4807475.03 

115137.78 

6405.14 

5454715.22 

3868472.08 

■I,.#) 

BOL 

t.349E*00 

1 . 9016-02 

2.052E-03 

1.207E+00 

1.481E+00 

.  . 

3.  PROCESSED  SOIL 

' 

1.  :ICH0RCS:h«1£NE  'uq.kg! 

BDL 

♦470.00 

BDL 

BOL 

BDL 

♦1900.00 

4 /HR) 

BOL 

1.217E-04 

3DL 

BDL 

BDL 

6.2546-04 

I.  r«ICrH.ORQETH".£N€  uq.ig) 

BOL 

40000 . 00 

*13.00 

*42.00 

♦6990.00 

57000.00 

•I.Hfl) 

BDL 

7.244E-03 

1.7616-06 

1.588E-05 

1. 185E-03 

1 . 376E-02 

•E'RACHLOROE'H'LINE  "jqaq! 

3DL 

320000.00 

*44.00  . 

*37.00 

BDL 

*1000.09 

■|/M») 

BDL 

5.313E-02 

6.2316-06 

9.477E-06 

BDL 

3.291E-04 

l.  It-.ENE  'US.  kg) 

BDL 

*3fc00.00 

BDL 

*35.00 

BDL 

♦7900.00 

♦ 

1  BOL 

6.5406-04 

BDL 

3. 7656-06 

BDL 

:.4ooe-o: 

!.  :?-£?  -CCs  uq  kgi 

BCE 

BDL 

BOL 

*69.00 

BDL 

♦! jOO.OO 

l'“R- 

BOL 

BOL 

BDL 

1.7678-95 

BDL 

2916-04 

6.  ’OTA.  /DCs  uq.ig1 

BOL 

344270.00 

59. 00 

203.00 

6990.00 

68800.00 

t/ue 

Sul 

9.3176-02 

7.397E-)4 

5.:09E~l5 

'  l.  183E-03 

2.26/46-02 

:e*o-c  e":::enc' 

*  • 

OICHLCR&E'HaiNE  *.. 

- 

go,  30 

- 

100.00 

ss.sg 

f 

•r::hl;:oe'-".ene 

- 

33.39 

33.34 

" 

53.35 

’8.31 

C.  ’E'-hC-'.C'OE'H'.EHE  3. 

- 

B3.3! 

00.93 

''.Sj 

100.  .‘9 

3°.:o 

('•.EYE  V 

- 

35. 35 

100. 00 

- 

10').  0 

37, 

s.  r-i*3  ,ocs 

- 

I'.O.  ;0 

- 

- 

I  /O.  :0 

3Q,  ;4 

3.  "A.; OR  l  CCN’ANlHAtt- 3  1/ 

- 

K.  ;a 

»,  3* 

3s.:i 

30 .  :0 

’3.  ‘6 

*.  "Tii  ,CCs  *.. 

- 

3!. 

99.  =  4 

S', 4’ 

33  _  3.. 

33.r 

f? 
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PARAMETER 

RUN  1 

RUN  2 

RUN  3 

RUN  4 

RUN  5 

RUN  6 

it 

3.  MOISTURE 

i.  EICAVATED  SOIL  Cl 

20.60 

15.50 

18.20 

21.00 

22.10 

19.30 

b.  FEES  SOIL  C) 

20.40 

18.60 

20.10 

21.40 

20.30 

25.90 

\V 

(•/HR) 

29.59 

27.89 

48.17 

56.24 

51.51 

76.35 

Vj 

1.  ENTHALPY  iBTU/l) 

44.03 

44.03 

44.03 

44.03 

44.03 

44.03 

c.  PROCESSED  SOIL  U) 

7.40 

7.00 

13.70 

0.67 

1.79 

7.36 

(•/HR) 

12.13 

12.65 

18.56 

1.72 

3.07 

24.20 

" 

1.  ENTHALPY  IBTU/l) 

92.91 

108.89 

99.92 

205.31 

176.04 

160.96 

4.  NASS  PLONRATE 

.  •  # 

i.  PEED  SOIL 

V 

1.  NET  3ASIS  (•/HR) 

181.34 

198.18 

165.09 

310.67 

221.31 

382.75 

* 

2.  DRY  DAS IS  (I/HR) 

151.75 

168.94 

116.90 

254.42 

168.60 

304.92 

b.  PROCESSED  SOIL 

1.  NET  BASIS  (I/HR) 

163.80 

181.66 

135.46 

256.14 

171.67 

329.14 

2.  DRY  BASIS  (I/HR) 

151.75 

168.94 

116.90 

254.42 

168.60 

304.92 

5.  DENSITY 

i.  PEED  SOIL  (I/O)  FT) 

- 

- 

- 

69.29 

- 

- 

Wl 

«J> 

b.  PROCESSED  SOIL  (l/CU  FT) 

74.96 

74.82 

76.18 

74.65 

91.39 

74.23 

6.  ENER6Y  -  SOIl/MOISTURE 

i.  SOIL  IN 

1.  INERT  SOIL  (BTU/HR) 

.  2313.50 

2575.58 

1782.19 

3878.74 

2570.30 

4648.  49 

2.  MOISTURE  (BTU/HR) 
b.  SOIL  OUT 

1302.79 

1228.05 

2120.84 

2476.28 

2267.91 

3361.72 

»*  > 

k  * 

1.  INERT  SOIL  IBTU/HR) 

3796.74 

4778.47 

2840.62 

12044.22 

6997.99 

11756.07 

►3 

2.  MOISTURE  (8TU/HR) 

1126.73 

1377.46 

1668.74 

352.33 

540.74 

3895.56 

C.  AIR  SYSTEM  PARAMETERS 

I.  TEMPERATURE 

a.  AMBIENT  AIR  (0 

28.00 

27.00 

29.00 

29.00 

.  25.00 

28.00  ‘ 

b.  HEATER  EFFLUENT /PRQC  INLET  (0 

23.00 

61.00 

29.00 

77.00 

64.00 

28.00 

c.  INFILTRATION  AIR  (0 

28.00 

27.00 

29.00 

29.00 

25.00 

28.00 

• 

d.  MANIFOLD  11  (0 

34.00 

33.00 

33.00  . 

53.00 

54.00 

51.00 

e.  MANIFOLD  12  10 

42.00 

39.00 

38.00 

64.00 

66.00 

61.00 

f.  MANIFOLD  13  iC) 

48.00 

43.00 

43.00 

56.00 

66.00 

68.00 

q.  AFTERBURNER  INLET  !C) 

38.00 

34.00 

39.00 

60.00 

59.00 

66. 00 

h.  ST  AC) 

- 

- 

- 

- 

- 

B25.00 

2.  VOCs 

a.  AMBIENT  AIR 

1.  TOTAL  VOCs  ! ppa/vol ) 

801 

BDL 

BDL 

BDL 

BDL 

BDL 

il/HR) 

BOL 

BDL 

BDL 

BDL 

SDL 

3DL 

S.  MANIFOLD  It 

1.  DICHLOROETHYLENE  (pps/voli 

- 

- 

- 

- 

- 

- 

■ #/HR) 

- 

- 

- 

- 

- 

- 

TRICHLOROETHYLENE  'ppi/vol) 

- 

- 

- 

- 

- 

- 

.s'. 

( t • HR ) 

- 

- 

- 

- 

- 

- 

Z.  tET?ACHLOROE'HYLENE  (pps/vol) 

- 

- 

- 

- 

- 

- 

'.1,  HRi 

- 

- 

- 

- 

- 

- 

4.  C'LENE  pcs/  /ol  ’ 

- 

- 

. 

- 

- 

- 

*  i 

♦  HR ) 

- 

- 

- 

- 

- 

- 

5.  OTHER  it  Os  cas.' vo  i.> 

- 

- 

- 

- 

- 

- 

1  HR  1 

- 

- 

- 

- 

- 

- 

"OT“L  /DCs  'P  3  S V  -2 1 : 

- 

- 

- 

- 

- 

- 

■1  HR) 

- 

- 

- 

- 

- 

- 

»Q| 

P-2 


PARAMETER 

RUN  1 

RUN  2 

RUN  3 

RUN  4 

RUN  5 

RUN  6 

c.  flANlFOLB  #2 

1.  OltHLOROETHYLENE  (ppa/vol) 

- 

- 

- 

- 

- 

(l/HRI 

- 

- 

- 

- 

- 

- 

2.  TRICHLOROETHYLENE  (ppa/voi) 

- 

- 

- 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

-  . 

- 

3.  TETRACHLOROETHYLENE  (ppa/vol) 

- 

- 

- 

- 

- 

(I/HR) 

-  ■ 

- 

- 

- 

- 

* 

4.  (YLENE  (ppa/vol) 

- 

- 

- 

- 

- 

- 

11/ HR  1 

- 

- 

- 

- 

- 

5.  OTHER  VOCi  .ppa/vol) 

- 

- 

- 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

a.  TOTAL  VOCs  (ppa/vol) 

- 

- 

- 

- 

- 

- 

It/HR) 

■  - 

- 

- 

- 

- 

- 

i.  NANIFOLD  13 

1.  DICHLQROETHYLENE  (ppa/vol) 

- 

- 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

- 

- 

2.  TRICHLOROETHYLENE  (ppa/val) 

- 

- 

- 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

- 

3.  TETRACHLQROETHYLEHE  (ppa/vol! 

- 

- 

- 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

- 

* 

4.  (YLENE  ippa/vol) 

- 

- 

- 

- 

- 

- 

(l/HRI 

- 

- 

- 

- 

- 

- 

5.  OTHER  VOCi  (ppa/vol) 

- 

- 

- 

* 

- 

* 

(1/HR) 

- 

- 

- 

- 

- 

- 

6.  TOTAL  VOCi  (opa/vul) 

- 

- 

- 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

- 

- 

«.  AFTERBURNER  INLET 

1.  31CHLOROETHYIENE  (ppa/vol) 

90L 

87.00 

SOL 

SDL 

DOB. DO 

196.00 

il/HR) 

SOL 

t.llOE-Ol 

SDL 

SDL 

2.080E-01 

2.020E-01 

2.  TRICHLOROETHYLENE  (poa/vol) 

SOL 

375.00 

1.70 

BDL 

567.00 

785.00 

'I/HR) 

SOL 

6.480E-01 

4. OOOE-03 

BDL 

7.680E-01 

1.094E+00 

TETRACHLOROETHYLENE  (poa/vol ) 

SOL 

237.00 

3.00 

1.10 

76.70 

11.00 

’ I / HR ) 

SDL 

5.180E-01 

9. 000E-03 

2. OOOE-03 

1.320E-01 

I.900E-02 

*.  HLENE  'ppa/vol) 

SOL 

3.00 

3.00 

SDL 

60.00 

97.00 

l/HRi 

SDL 

4.000E-03 

A. OOOE-93 

SDL 

6.600F-02 

1.090E-01 

5.  OTHER  VOCi  'ppa/vol) 

SDL 

2.00 

SDL 

SDL 

24.70 

32.80 

I/HR! 

3DL 

2. OOOE-03 

SDL 

BDL 

3.200E-02 

3.400E-02 

a.  'OTAL  VOCs  ■poi/vpl'1 

SDL 

704.00 

7.70 

1.10 

936.40. 

1121.80 

■  'l/HRi 

SOL 

1 . 28ZE+00 

1.900E-02 

2. OOOE-03 

1.206E+00 

1.458E+00 

t.  $7ACt 

I.  OICHLOROETHYLENE  (ppa/vol) 

- 

- 

- 

- 

- 

- 

1  HP) 

- 

- 

- 

- 

- 

0.  Tr ! OHLjPQETH'LEHE  >ooa>vol > 

- 

- 

- 

- 

- 

- 

i,  i 

- 

- 

- 

- 

- 

- 

0.  tETRAC.HL3P0ETH»LEN£  po*/ voi 1 

- 

- 

- 

- 

- 

- 

•  -  H.P  1 

- 

- 

- 

- 

- 

*.  "LiNt  oaa/vol' 

- 

- 

- 

- 

- 

|  .  H&  , 

- 

- 

- 

- 

- 

- 

0.  O’HER  /CCS  =0*'  ol ■ 

- 

- 

- 

- 

- 

- 

*  if. 

- 

- 

- 

- 

- 

S .  .  j  .  iL  *  0C 5  SCI  •  St 

- 

- 

- 

- 

- 

- 

IvR.i 

- 

- 

- 

- 

- 

F-3 


r,  * 


PARAHETER 

5.  MOISTURE 

t.  PROCESS  AIR  (I/vol) 

(I/HR) 

1.  ENTHALPY  (8TU/I) 

b.  INFILTRATION  AIR  (I/vol) 

(I/HR) 

1.  ENTHALPY  IBTU/I) 

c.  HAN I FOLD  II  (I/vol) 

ll/HRl 

d.  HAN  I  FOLD  12  (I/vol) 

It/HR) 

e.  HANIFOLO  13  (I/vol) 

'  (I/HR) 

f.  AFTERBURNER  INLET  (I/vol) 

(I/HR) 

1.  ENTHALPY  (BTll/l) 

g.  STAOC  (I/vol) 

(I/HR) 

4.  FLOWRATE 

t.  PROCESSOR  INLET  (NACFH) 

(DSCFH) 

(l/HRI 

b.  INFILTRATION  AIR  (OSCFH) 

(I/HR) 

C.  HANIFQLI)  II  (NACFH) 

(OSCFH) 

(I/HR) 

d.  HANIFOLO  12  (NACFH) 

(DSCFH)  ' 

(l/HRI 

e.  HANiFOLi  13  (NACFH)  ' 

(OSCFH! 

(1/ HRI 

4.  AFTERBURNER  INLET  (NACFH) 

(OSCFH) 

It/HR) 

g.  STACK  (NACFH) 
vDSCFH) 

I/HR! 

3.  PARTICULATE  EHISS-ABI/STACK  (6R/NACFH) 
(SR  /OSCFH) 

(I/HR) 

6.  HYDROGEN  CHLORIDE  EMISSIONS  (t/DSCFHI 

(I/HR) 

7.  CARBON  DIOXIDE  EMISSIONS  (I/vol! 

(I/HR) 

3.  OHSEN  EMISSIONS  (l.'/ol) 

(I/HR! 

7.  CARBON  MONOXIDE  EMISSIONS  il/voli 

11/ HR) 


RUN  1 

RUN  2 

RUN  3 

2.00 

1.50 

2.80 

3.00 

1.10 

3.40 

1097.90 

I 122. BO 

1098.80 

2.00 

1.50 

2.30 

2.21 

2.5b 

2.99 

1097.90 

1096.60 

1098.30 

8.18 

7.39 

14.00 

22.70 

13.90 

36.00 

1105.20 

1102.60 

1106.10 

- 

- 

55.10 

29.10 

45.40 

51.70 

24.70 

41.90 

234.00 

112.00 

189.00 

39.10 

59.90 

37.00 

176.00 

270.00 

167.00 

113.00 

104.00 

106.00 

90.30 

84.  aQ 

73.90 

410.00 

382.00 

356.00 

- 

- 

- 

RUN  4 

RUN  5 

RUN  6 

tel 

1.60 

1.20 

2.10 

‘  »  * 

1.40 

0.77  ■ 

1.60 

* 

O 

1134.20 

•  1124.90 

1097.90 

*\. 

1.60 

1.20 

2.10 

2.08 

1.50 

2.55 

ca 

j »  , 

1098.40 

1095.40 

1097.90 

A 

- 

- 

- 

- 

- 

- 

. 

- 

- 

- 

- 

- 

- 

•“  * 

. 

- 

*  **• 

21.30 

21.40 

22.70 

a;. 

58.00 

50.70 

56.30 

1122.00 

1121.60 

1126.10 

_ 

30.90 

a". 

- 

- 

63.70 

33.30 

26.40 

27.70 

V 

30.90 

22.50 

25.90 

v 

140.00 

102.00 

117.00 

45.50 

43.90 

42.40 

• '  » 

205.00 

198.00 

191.00 

- 

- 

. 

- 

_ 

**\' 

- 

- 

*»V- 

_ 

- 

- 

«p 

- 

- 

- 

- 

- 

- 

- 

- 

- 

119.00 

104.00 

110.00 

76.40 

66.40 

68.30 

345.00 

300. 00 

308.00 

t^m 

- 

- 

293.JO 

- 

- 

50.30 

- 

- 

234.00 

- 

- 

- 

y , 

„ 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

* 

. 

- 

- 

_ 

- 

- 

.“,'V 

- 

- 

4 


F-4 


PARAMETER 

RUN  1 

RUN  2 

RUN  3 

RUN  4 

RUN  5 

Rt»  4 

m 

.\V 

/,V 

0 

10.  E!€R6>  -  AIR/IWISTURE 

- 

- 

- 

• 

- 

- 

•  > 

i.  PROCESS  AIR  INLET  iBTU/HR) 

4615. U 

0314.35 

3817.72 

5748.38 

3609.44 

2312.33 

Si- 

1.  SPECIFIC  HEAT  iBT'J/tfl 

2.399E-01 

2.403E-01 

2.399E-01 

2.407E-01 

2.404E-01 

2.399E-01 

VA 
•  A 

C.  HCISTUPE  ISTU/HR! 

0193. TO 

1235.08 

3735.92 

1537.33 

364.  17 

1.5a. 64 

S.  INFILTRATION  AIR  INLET  ■' 8TU/HR) 

3479.13 

5220. 70 

3373.33 

4140.9! 

3657.52 

3775. s4 

•  t.  SPECIFIC  HEAT  -BTU;»f) 

2.399E-01 

2.099E-0! 

2.399E-01 

2. C99E-01 

2.399E-01 

2.399E-01 

w 

C.  MOISTURE  'BTU/Hfti 

2457.57 

2804.04 

3235.30 

CC'R.41 

1473. IT 

7301.10 

AFTErBlsfiNER  INLET  (BTU/HRt 

9879.34 

8544.53 

8731.97 

UiOt.49 

9«4C.34 

11165.71  ’ 

‘•Vn 

■  1.  SPECIFIC  HEAT  • BTU/tF > 

:.«>.)E-'Ji 

2.400E-01 

2.400E-01 

2.4uCE-ot 

2. 4G3E-.it 

2.4-)4£-01 

C.  MO!5TliRE  .BTU/HR) 

05089.04 

20839.14 

39819. sG 

35076.00 

548e5.i: 

43399.43 

D.  OIL  SYSTEM  SAAANE'ERS 

m 

I.  TE.*FEFATiJR£ 

4.  SCREN  INLET  C; 

129.05 

103. jO 

95.98 

192.34 

174.09 

270.32 

„  •  „* 

0.  SCSEi  3UTIET / TPQUSri  INlET  ICI 

123.20 

97.74 

93.33 

178.99 

1d2.93 

’7.30 

\\ 

c.  TROUSH  OUTLET  '0 

12J.11 

94.59 

93.33 

159.07 

144.31 

C03.T5 

C.  5RESSLAE 

i.  SCREi  INlET  PEIS! 

28. OJ 

02.00 

24.00 

20.72 

26.96 

22.  *8 

PI 

5.  SCFSH  OUTLET; TROUGH  INLET  PEIS) 

9.34 

11.00 

7.00 

7.01 

7175 

s.=>i 

C.  SLONfATE  'SPNi 

11.00 

11.70 

11.00 

9.00 

11.20 

9.30 

•  •** 

' 1; HR! 

5538.14 

5890.59 

5533. lo 

4531.C2 

5*33.85 

49C4.UO 

*.**■.  ! 

•!.  HEAT  RElEASEO 

- 

j  *  i.  INLET  '3TU.HR' 

487909.74 

577797. 33 

4909S6.9^ 

901965.94 

3e045«.49 

I30=ao5.35 

r  .* 

1  ,  1.  SPECIFIC  -EAT-INLET  (BTU/JF) 

4.7(>0£-01 

4.5G0E-01 

4.400E-01 

5.250E-01 

5.D50E-01 

5. 9Q0E-01 

PI 

a.  OUTLET  jTU^Pl 

341004.89 

50:545.40 

487*43. 46 

,71:9=0.54 

300373.46 

1052576.39 

I.  SPECIFIC  HEAT-OUTLET  1BTU-IF) 

4.300E-01 

4.40CE-91 

4.400E-C1 

4.950E-01 

4.350E-01 

5.350E-01 

SROPANE  S* S'EN  PABahEtERS 

.*/ 

I.  "Gp:nE  CDNSUNP'ICN  =CFN> 

3. '8 

2.3a 

4.17 

:.a6 

1.26 

C..3 

*  •  4 

•  ‘t/HR'r 

■\  40 

0.27 

0.48 

C.C5 

0.21 

.  0.C5 

PI  ' 

?.  :iOCESSCP  5aRAME*EFS 

■ 

.. 

I.  SORE*  SJEEC  SEC.  ?£'. 

:;5.30 

105.50 

95.  CO 

37 .  '0 

125.00 

34.:o  . 

*.* 

S.  h=AT  .COS  ?TU  HR' 

oaa?!.:: 

05484.53 

"23322. 13 

II3903.s: 

335469.  1  1 

•‘4 

P£:CEN?  T0'At  HEAT  • BTj; RBi 

50.10 

57." 

-C'JO.  i5 

aC.C  9 

3?.  3a 

94.34 

m 

m 

•v; 

■i 

m 

F- 

5 

•»*  n  •.*  • « 

lii  i 

U  I 


PARAMETER 

RUN  7 

RUN  8 

RUN  9 

RUN  10 

RUN  11 

RUN  12 

Si3l 

A.  CONTROL  PARAMETERS 

1.  TARGET  SOIL  RESIDENCE  TINE  ININ) 

30.00 

30.00 

30.00 

60.00 

45.00 

30.00 

i.  TARGET  SCREN  SPEED  (SEC/REV) 

64.29 

64.29 

64.29 

128.57 

96.43 

64.29 

jrl 

2.  TARGET  SOIL  DISCHARGE  TEMP  (0 

50.00 

50.00 

100.00 

150.00 

150.00 

150.00 

3.  TARGET  AIR  INLET  TERR  (0 

90.00 

25.00 

90.00 

90.00 

90.00 

90.00 

s~% 

4.  TAR6ET  AIR  FLON  RATE  (DSCFM) 

100.00 

100.00 

100.00 

100.00 

100.00 

100. 90 

y  ( 

9.  SOIL  SYSTEM  PARAMETERS 

1.  TEMPERATURE 

•V 

i.  FEED  SOIL  tC) 

26.26 

28.33 

30.97 

29.79 

30.94 

27.33 

0.  PROCESSED  SOIL  (0 

56.68 

53.16 

104.07 

158.66 

137.34 

143.27 

2.  VOCs 

■  u 

j.  FEED  SOIL 

1.  D1CHL0R0ETHYLENE-LA8  iuq/kq) 

♦300.00 

220000.00 

470000.00 

140000.00 

73000.00 

47000.00 

CORRESP  luq/kq) 

164.76 

290840.89 

889053.80 

586105.97 

264041.00 

472189.12 

.I/HR) 

4.367E-05 

7.278E-02 

1.989E-01 

8.538E-02 

6.832E-02 

6. 723E-02 

2.  TRICHLOROETHYLENE -LAI  (uq/kq) 

♦630.00 

5900000.00 

930000.00 

1300000.00 

760000.00 

220000.00 

CORRESP  (uq/kql 

30402.08 

1955264.05 

1997441.48 

267B536.44 

2382812.77 

2390625.98 

i|/HR) 

S.059E-03 

4.893E-01 

4.470E-01 

3.902E-01 

6.165E-01 

3.404E-01 

3.  TETRACHL0R0ETHYLENE-LA8  (uq/kql 

♦410.00 

930000.00 

♦98000.00 

1500000.00 

410000.00 

230000.00 

CORRESP  (uq/kql 

92.38 

699130.61 

346212.67 

1422031.07 

727841.10 

1257606.98 

(•/HR) 

2. 184E-05 

1.750E-01 

7.747E-02 

2.072E-01 

1.883E-01 

1.790E-01 

.  4  . 

4.  IYLENE-LA8  (uq/kql 

SOL 

240000.00 

♦20000.00 

120000.00 

♦49000.00 

50000.00 

M 

CORRESP  (uq/kq) 

7544.79 

85967.17 

106904.95 

27197366.92 

65833.46 

167493.06 

•.  J 

(•/HR) 

2. OOOE-03 

2. 151E-02 

2.392E-02 

3.962E+00 

1.705E-02 

2.385E-02 

5.  OTHER  VOCs-LAB  (uq/kq) 

BDL 

♦50000.00 

BDL 

♦22000.00 

♦7100.00 

♦11000.00 

•V- 

CORRESP  (uq/kql 

BOL 

12495.16 

38923.73 

39127.33 

20051.88 

65106.38 

(I) HR) 

BDL 

3. 127E-03 

9.710E-03 

5.700E-0T 

5. 1B8E-03 

9.269E-03 

a.  TOTAL  VQCs-LAB  (uq/kq) 

1340.00 

7340000.00 

1518000.00 

3082000.00 

1299100.00 

558000.00 

CORRESP  (uq/kq; 

38194.01 

3043697.89 

337S538.63 

31923167.75 

3460631.21 

4353021.51 

■t.Hfl) 

1.012E-02 

7.617E-01 

7.560E-01 

4.651E+00 

3.954E-01 

6. 197E-01 

a.  PROCESSED  SOIL 

i.  DICHLOROETHYLENE  'uq/kql 

170.00 

160000.00 

15000.00 

♦730.00 

1300.00 

2000.00 

II) HR) 

4.367E-05 

3.873E-02 

2.941E-03 

9.284E-05 

3. 159E-04 

2.256E-04 

TRICHLOROETHYLENE  (uq/kq) 

230.00 

880000.00 

61000.00 

1800.00 

2100.00 

12000.00 

■I/HR) 

5.909E-05 

2. 133E-01 

1. 196E-02 

.  2.043E-04 

5.103E-04 

1.354E-03 

3.  TETRACHLOROETHYLENE  (uq/kql 

♦85.00 

400000.00 

33000.00 

1400.00 

1300.00 

27000.00 

(♦/ HR) 

2. 134E-05 

9.694E-02 

6. 47IE-03 

■  1.589E-04 

3. 159E-04 

3.046E-03 

4.  XYLENE  iuO/kq! 

SOL 

64000.00 

20000.00 

♦550.00 

190.00 

7500.00 

■m 

•I;H9) 

BOL 

1.55  IE-02 

3.922E-03 

6.24IE-05 

4.617E-05 

3.460E-04 

\ 

5.  OTHER  /QCs  'uq/kql 

BOL 

♦12900.00 

3620.00 

BDL 

775.00 

♦1500.00 

— 

il/HRl 

BDL 

3. 127E-03 

7.099E-04 

BDL 

1.383E-04 

1.692E-04 

c.  'OTAL  VOCs  "jq.kq) 

*85.00 

151690C.00 

132620.00 

*480.00 

SaeS.OO 

50000.00 

I/HR) 

!.2*6E-04 

3.677E-01 

2.601E-02 

5.084E-04 

1.377E-03 

5.640E-03 

FEMOVAL  EFFICIENCY 

i.  jIChldrceth'lene  ■.:> 

- 

*6.71 

99. 52 

99.90 

99.54 

99.66 

TRICHLOROETHYLENE  ■h 

99.27 

5g.  41 

97.32 

99.95 

99.92 

99.60 

a 

tetrachlorcethtlene  :i 

- 

*4.58 

91.65 

99.92 

99.33 

3 8 . 30 

*.  XYLENE  >h 

100.00 

27. S5 

33.01 

100.00 

99. '3 

96.45 

;.  OTHER  vCCs  •.:> 

- 

- 

91.35 

100.00 

96.37 

98.17 

a.  MAJOR  4  CONTAMINANTS  <5) 

93.77 

51.94 

96. 62 

99.99 

}Q.37 

99.10 

.*■* 

7.  TOTAL  /OCs  (I) 

58.77 

c »  ?- 

31.  )  J 

96.56 

99.99 

39.65 

99.  )9 

**  I 


F-6 


PARAREiER 

RUN  7 

RUN  3 

RUN  9 

RUN  10 

RUN  11 

RUN  12 

NOISTUFE 

a.  EXCAVATED  SOIL  Cl 

13.30 

21.60 

30.90 

18.70 

18.30 

13.30 

b.  FEED  SOIL  C) 

16.40 

17.80 

26.40 

20.60 

17.30, 

18.70 

(I/HR) 

35.14 

40.50 

38.27 

27.63 

15.57' 

31.21 

1.  ENTHALPY  (BTU/t) 

47.02 

51.01 

56.00 

54.00 

56.00: 

49.02 

c.  PROCESSED  SOIL  Cl 

10.50 

13.80 

5.80 

9.10 

0.30 

2.00 

(I/HR) 

26.98 

33.08 

11.35 

0.11 

0.73 

2.25 

I.  ENTHALPY  (BTU/I) 

HASS  FLOWRATE 

101.90 

95.91 

137.12 

238.20 

248.04 

259.31 

a.  FEED  SOIL 

1.  NET  BASIS  (I/HR) 

265.08 

250.25 

223.77 

145.68 

258.73 

142.37 

2.  DRY  BASIS  (l/HR) 
b.  PROCESSED  SOIL 

229.93 

208.99 

,84.74 

113.40 

242.27 

110.54 

1.  NET  BASIS  (l/HR) 

256.91 

242.40 

196.09 

113.43 

243.00 

112.80 

2.  DRY  BASIS  (l/HR) 

229.93 

208.95 

184.72 

113.37 

242.27 

110.54 

DENSITY 

a.  FEED  SOIL  (l/CU  FT) 

82,38 

104.30 

76.78 

84.75 

91.27 

95.61 

b.  PROCESSED  SOIL  (l/CU  FT) 

ENERGY  -  SOIL/HOISTURE 

78.32 

74.40 

62.89 

68.55 

69.37 

a.  SOIL  IN 

1.  INERT  SOIL  (3TU/HR) 

3645.29 

3468.98 

3242.00 

1941.88 

4249.05 

1795.10 

2.  HOISTUP.E  (BTU/HRI 

1652.23 

2066.02 

2143.30 

1491.97 

■  371,68 

1529.73 

b.  SOIL  OUT 

1.  INERT  SOIL  (BTU/HR) 

6163.35 

5336.05 

8102.64 

7200.77 

13528.99 

6409.03. 

2.  MOISTURE  (BTU/HR) 

3YSTEH  PARAHETERS  • 

2748.80 

3173.04 

2123.29 

32.56 

130.48 

583.54 

TEMPERATURE 

a.  AMBIENT  AIR  (0 

27.00 

29.00 

33.00 

33.00 

26.00 

27.00 

b.  HEATER  EFFLUENT/PROC  INLET  (0 

97.00 

29,00 

98.00 

39.00 

98.00 

95.00 

c.  INFILTRATION  AIR  (0 

27.00 

29.00 

33.00 

33.00 

26.00  , 

27.00 

d.  MANIFOLD  II  (0 

48.00 

39.00 

1,02.00 

BO.  00 

93.00 

112.00 

a.  MANIFOLD  12  (0 

47.00 

39.00 

113.00 

91.00 

114.00 

126.00 

f.  MANIFOLD  13  (C) 

49.00 

43.00 

131.00 

109.00 

122.00 

136.00 

q.  AFTERSURNER  INLET  (Cl 

42.00 

42,00 

102.00 

91.00 

101. .00 

118.00 

h.  STACK 

968.00 

1009.00 

923.00 

979.00 

397.00 

876.00 

VOCs 

a.  AMBIENT  AIR 

1.  TOTAL  VQCs  (po*/vol) 

BDL 

BDL 

SDL 

BDL 

BDL 

3DL 

(l/HR) 

b.  MANIFOLD  11 

BEL 

BDL 

BDL 

BDL 

BDL 

BDL 

1.  DICHLCROETHYLENE  ipos/vol) 

- 

- 

- 

- 

- 

i  l/HR 1 

- 

- 

.  - 

- 

2.  TRICHLOROETHYLENE  ispi/voll 

- 

- 

- 

- 

- 

(l/HR) 

- 

- 

- 

- 

- 

- 

3.  TETRACHLCROFTHiLENE  (ppi/vol) 

- 

- 

- 

- 

- 

(l/HR) 

- 

- 

- 

- 

- 

i,  IYLE.ME  (ppa/vol) 

- 

- 

- 

* 

- 

(♦•HR! 

- 

- 

- 

- 

- 

* 

3.  OTHER  VCCs  ;poi/voi! 

* 

- 

b.  TOTAL  VOCs  iopa//al ! 

- 

- 

- 

- 

- 

•  - 

(l/HR) 

- 

- 

- 

- 

- 

- 

k- 


PARAMETER 

RUN  7 

RUN  8 

RUN  9 

— 

RUN  10 

RUN  11 

RUN  12 

i-3 

*4 

MANIFOLD  12 

1.  DICHLOROETHYLENE  (ppa/vol) 

(I/HR) 

- 

- 

- 

- 

- 

- 

2.  TRICHLOROETHYLENE  (ppa/vol) 

- 

- 

- 

- 

- 

- 

\>> 

(I/HR) 

- 

- 

- 

- 

- 

- 

3.  TETRACHLOROETHYLENE  (ppa/vol) 

- 

- 

- 

* 

- 

era 

.\v 

(I/HR) 

- 

- 

- 

- 

- 

*  V- 

4.  XYLENE  (ppa/vol ) 

- 

- 

- 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

- 

',V, 

5.  OTHER  VOCs  (opt/vol) 

- 

- 

- 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

* 

**  • 

6.  TOTAL  VOC*  (ppa/vol > 

- 

- 

- 

- 

- 

* 

(I/HR) 

- 

- 

- 

- 

- 

- 

•V-‘ 

MANIFOLD  13 

1.  DICHLOROETHYLENE  (ppa/vol) 

_ 

.. 

. 

- 

. 

*-* 

(I/HR) 

- 

- 

- 

- 

“ 

- 

2.  TRICHLOROETHYLENE  (ppa/vol) 

- 

- 

- 

.  - 

- 

* 

«Uk 

(I/HR) 

- 

- 

- 

- 

- 

- 

3.  TETRACHLOROETHYLENE  (ppa/vol) 

- 

- 

- 

- 

- 

- 

. 

(I/HR) 

- 

- 

- 

- 

- 

- 

■\v 

4.  XYLENE  (ppa/vol) 

'  - 

- 

- 

- 

- 

- 

v.**’ 

(I/HR) 

- 

* 

- 

- 

- 

- 

5.  OTHER  VOCs  (ppa/vol) 

- 

- 

- 

- 

u, 

(I/HR) 

- 

- 

- 

- 

- 

- 

14 

6.  TOTAL  VOCs  (ppa/vol) 

- 

- 

- 

'  - 

- 

* 

(l/HR) 

- 

- 

- 

- 

- 

* 

AFTERBURNER  INLET 

1.  DICHLOROETHYLENE  (ppa/vol) 

BDL 

24.20 

173.00 

75.00 

54.00 

63,00 

•,v 

(I/HR) 

SOL 

3. 400E-02 

1.960E-01 

B.530E-02 

6.800E-02 

6.700E-02 

2.  TRICHLOROETHYLENE  (ppa/vol) 

4.40 

145. CO 

283.00 

254.00 

362.00 

238.00 

a 

(I/HR) 

3.000E-03 

2.760E-01 

4.350E-01 

3.900E-01 

4.160E-01 

3.39GE-01 

*•  ^  > 

3.  TETRACHLOROETHYLENE  (ppa/vol) 

BDL 

32.50 

36.  60 

106.00 

87.00 

97.00 

(I/HR) 

SOL 

7.800E-02 

7. 100E-02 

2.070E-01 

1.880E-OI 

t.?60E-0t 

4.  1YLENE  (ppa/vol) 

1.50 

3.60 

15.80 

31S4.00 

12.00 

20.00 

( l/HRI 

2.000E-03 

6.000E-03 

2.000E-02 

3.962E+00 

1.700E-02 

2.300E-02 

5.  OTHER  VOCs  (ppa/vol) 

SDL 

BDL 

7.40 

4.70 

3.80 

3.50 

(I/HR) 

BDL 

SDL 

9.000E-03 

5.700F-03 

5.000E-03 

9, 100E-03 

6.  t0TAl  VOCs  'ppa/vol) 

5.  TO 

205.30 

515.30 

3623.70 

518.80 

426.50 

■l/HR) 

1.900E-02 

3.9406-01 

7.300E-01 

4.oS0E+00 

8.940E-01 

6.141E-01 

STAC) 

! .  OICHLOR'JETHYLENE  1  poa/vol ) 

- 

- 

- 

. 

- 

- 

(l/HR) 

- 

- 

- 

- 

- 

- 

2.  TRICHLCRCETHYLENE  ;pp«/(0l! 

- 

- 

- 

- 

- 

- 

I/HR) 

- 

- 

- 

- 

- 

* 

3.  TETRACHLOROETHYLENE  'ppa/vol) 

- 

- 

- 

- 

- 

~ 

'l/HR) 

- 

- 

- 

- 

- 

- 

4.  ((LEHE  ■pca/voi; 

- 

- 

- 

- 

- 

.. 

'  l/HRi 

- 

- 

- 

- 

- 

- 

3.  OTHER  /OCs  soa. , ol > 

- 

- 

- 

- 

- 

T'JP) 

- 

- 

- 

- 

- 

- 

s.  TOTAL  ;CCs  ppa  <o; : 

- 

BDL 

BDL 

■  BDL 

- 

- 

1:  MP  ■ 

- 

BDL 

BDL 

BDL 

- 

- 

i  1 


...  3 


ii 


* 


.  i 

■;] 


i  u 


:-3 


F-8 


j  PARAMETER 

RUN  7 

RUN  3 

RUN  9 

RUN  10 

RUN  li 

RUN  12 

3.  HOISTURE 

a.  PRQCE 

:SS  AIR  (I/volt 

2.00 

2.20 

3.00 

2.80 

2.50 

1.90 

(t/HR) 

2.50 

2.60 

2.80 

2.90 

2.20 

2.00 

1.  EN 

I1HALPY  (flTU/l) 

1148.20 

1098.40 

1148.90 

1143.20 

1148.90 

1147.00 

b.  IMPEL 

.'  RATION  AIR  (I/vol) 

2.00 

2.20 

3.00 

2.80 

2.50 

1.90 

(t/HR) 

2.74 

3.28 

3.77 

3.18 

3.76. 

1.74 

1.  EN 

ifHALPY  (BTU/I) 

1096.60 

1093.40 

1101.40 

1101.80 

1095.30 

1096.60 

c.  MAMIE 

OLD  11  (I/vol) 

- 

- 

- 

- 

- 

- 

(t/HR) 

- 

- 

- 

- 

- 

- 

d.  MAMIE 

L:  t2  (i/voi) 

- 

- 

- 

- 

- 

- 

(l/HR) 

- 

- 

- 

- 

- 

e.  MAMIE 

OLD  13  (I/vol) 

- 

- 

- 

- 

- 

- 

(l/HRI 

- 

- 

- 

- 

- 

- 

f.  AFTER 

HURNER  INLET  (I/vol) 

4.94 

4.84 

13.70 

13.70 

11.30 

14.30 

(t/HR) 

13.40 

13.30 

33.50 

33.60 

20.80 

32.70 

1.  EN 

THALPY  (BTU/I) 

1108.20 

1108.20 

1151. 90 

1144.40 

1151.10 

1161.90 

g.  STACK 

{ I/vol ) 

10.10 

13.70 

24.90 

17.60 

- 

- 

(I/HR) 

34.50 

50.B5 

92.60 

60.75 

- 

- 

4.  FLGNRATE 

a.  PROCE 

iSOR  INLET  (NACFH) 

57.60 

44.20 

42.50 

46.90 

41.20 

49.20 

(DSCFM) 

43.90 

41.10 

31.90 

36.00 

31.10 

37.80 

(t/HR) 

198.00 

186.00 

144.00 

163.00 

140.00 

171.00 

b.  INFIL 

[■RATION  AIR  (DSCFM) 

47.80 

52.00 

43.50 

39.40 

52.30 

32.10 

(I/HR) 

216.00 

234.00 

196.00 

177.00 

237.00 

145.00 

c.  MANIE 

)LD  11  (NACFM) 

- 

- 

- 

- 

- 

- 

(DSCFM) 

- 

- 

- 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

- 

- 

d.  MAMIFi 

3LD  12  (NACFM) 

- 

- 

- 

- 

- 

- 

(DSCFM) 

- 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

- 

- 

e.  MAMIE 

OLD  13  (NACFM) 

- 

- 

- 

- 

- 

- 

(DSCFM) 

- 

- 

- 

- 

- 

It/HRI 

- 

- 

- 

- 

- 

- 

f.  AFTER 

BURNER  INLET  (NACFM) 

U4.00 

113.00 

120.00 

114.00 

129.00 

116.00 

(DSCFM) 

91.70 

93.10 

75.40 

75.40 

33.40 

69.90 

(l/HRI 

414.00 

420.00 

340. 00 

340.00 

377.00 

316.00 

g.  STACK 

(NACFM) 

541.00 

302.00 

599.00 

553.00 

513.00 

392.00 

(DSCFM) 

113.00 

116.00 

102.00 

104.00 

103.  0 

77.60 

■:*/HR) 

522.00 

324.00 

460.00 

480.00 

475.00 

357.00 

5.  PfiRTICUU; 

ITS  EMtSS-ABI/STACK  (SR /NACFM) 

- 

9.000E-03 

4.200E-03 

6.800E-03 

- 

- 

(GR/DSCFM) 

- 

4.200E-02 

2. 400E-02 

3. sOOE-02 

- 

- 

(n/HR! 

- 

4. 100E-02 

2. 100E-02 

3.20CE-02 

- 

- 

6.  HYDR05EI 

CHLORIDE  EMISSIONS  (l/DSCFMI 

- 

l  OSOE-/4 

2.940E-04 

2. 48CE-04 

- 

- 

(l/HA! 

- 

7.S20E-01 

l.aOoE+TO 

1.550E+00 

- 

- 

7.  CARSON  ! ! 

[OXIDE  EMISSIONS  (I/vol i 

- 

7.00 

7.40 

7.70 

- 

- 

!»/HR) 

- 

55.60 

51.90 

54.90 

- 

- 

3.  Oil /SEN  EMISSIONS  il/voi) 

- 

10.  aO 

9.40 

9.00 

- 

- 

1 

I 

■.l/HRI 

- 

61.50 

48.00 

46.70 

- 

- 

9.  CARBON  *i 

1N0IIDE  EMISSIONS  (I/vol) 

- 

SOL 

SDL 

3  CL 

- 

- 

j 

! * ; HR ) 

- 

SDL 

SDL 

SDL 

- 

- 

F-9 


PARAMETER 

RUN  7 

RUN  a 

RUN  9 

RtiN  10 

RUN  11 

RUN  12 

10.  ENERGY  -  A [R/NGI 5TURE 

- 

- 

- 

- 

- 

- 

a.  PROCESS  AIR  INLET  (BTU/HR) 

9344.72 

3757.12 

7238.32 

'550.19 

7037.25 

8349.30 

1.  SPECIFIC  HEAT  <BTU/#F) 

2. 412E-01 

2.399E-01 

2.412E-01 

2.41CE-01 

2.412E-01 

2.41  IE-01 

2.  MOISTURE  (8TU/HR1 

2870.50 

2855. B4 

3214.92 

3311.23 

2527.58 

2:94.00 

b.  INFILTRATION  AIR  INLET  (BTU/HR) 

4174.54 

4724.70 

4299.44 

3882.47 

4480.28 

2803.71 

1.  SPECIFIC  HEAT  (BTU/IF) 

•  2.399E-0! 

2.399E-01 

2.400E-01 

2.400E-01 

2.399E-01 

2.399E-01 

2.  MOISTURE  (BTU/HR) 

3000.84 

3404.22 

4154.48 

3507.95 

4122.22 

1912.50 

C.  AFTERBURNER  INLET  (BTU/HR 1 

10491.14 

10844.08 

17488.24 

14043.35 

19449.41 

18458.84 

l.  SPECIFIC  HEAT  (BTU/IF) 

2.400E-01 

2.400E-01 

2.4I3E-01 

2.410E-01 

2.413E-01 

2. 4UE-01 

2.  MOISTURE  (BTU/HR) 

14849.88 

14739.04 

38533.45 

38451.94 

23942.28 

37994.13 

D.  OIL  SYSTEM  PARAMETERS 

,  1.  TEMPERATURE 

a.  SCREW  INLET  ID 

35.40 

37.78 

252.08 

248.01. 

242.08 

292.52 

b.  SCREW  OUTLET/ TROUGH  INLET  (0 

82.  lo 

79.44 

242.09 

237.80 

251.32 

231.59 

c.  TROUGH  OUTLET  (C) 

82.14 

79.44 

239.79 

234.85 

242.99 

249.43 

2.  PRESSURE 

a.  SCREW  INLET  IPSIG) 

23.17 

23.00 

24.85 

29.80 

21.43 

■  24.11 

b.  SCREW  OUTLET /TROUGH  INLET  (PSIS1 

7.08 

7.50 

7.13 

9.72 

4.  as 

•7.21 

3.  FLOWRATE  (GPU) 

10.00 

9.80 

10.50 

11.70 

9.60 

10.40 

11/HR) 

5034. 09 

4934.00 

5234.42 

5890.59 

4833.30 

,  5236.08 

4.  HEAT  RELEASED 

a.  INLET  (BTU/HR) 

402048.33 

407803.49 

1474511.91 

1404353.44 

1424324.34 

1783943.90 

1.  SPECIFIC  HEAT-INLET  (BTU/IF) 

4.300E-0t 

4.350E-01 

5.750E-01 

5.70QE-01 

S.850E-01 

4. lOOE-OI 

b.  OUTLET  (BTU/HR) 

393970.94 

346474.30 

1334758.95 

1511907.10 

1281795.17 

15°8193.3C 

1.  SPECIFIC  HEAT-OUTLET  (BTU/IF) 

4.350E-01  . 

4.270E-01 

5.450E-01 

5.400E-01 

5.a50E-0) 

5.900E-01 

E.  PROPANE  SYSTEM  PARAHETERS 

I.  PROPANE  CCNSUNPTIGN  '3CFH) 

2.38 

'  2.44 

,2.33 

2.13 

1.3a 

2.14 

(I/HR) 

0.27 

0.30  ' 

0.27 

0.24 

0.21 

0.2' 

P.  PROCESSOR  PARAHETERS 

1.  SCREW  SPEED  (SEC/REV) 

44.27 

43.45  ' 

42.77 

174.77 

93.58- 

a2. 0( 

3.  HEAT  LOSS  (BTU/HR: 

-1143.02 

25512.03 

45546.90 

54407.47 

108717.44 

140934. 3« 

1.  PERCENT  TOTAL  HEAT  BTU/HR' 

•14.12 

45.20 

54.00 

57. a! 

74.29 

'5.31 

F- 10 


RARAXE'ER 

rub  :: 

RUB  14 

Rub  J5 

Rt*  U 

RtW  17 

Rub  13 

CjNTRCL  PARAMETERS 

'.  TAR6ET  ECU.  R.E5I3ESCE  •:«  '«»» 

»i.  00 

41.  X) 

10.  to 

».» 

t0.>0 

45.00 

i.  -AWET  SURE*  SPEE3  SEC.'REO! 

1  'S.  s? 

H.4: 

»4.53 

»4. 3* 

153.57 

40.45 

*arget  eq:l  jiscwose  te-p  Cy 

ISO.  00 

150.00 

150.00 

:00.x; 

100.  /« 

50.00 

TARGET  AIR  :«H.£T  TEW  Ci 

55.  JO 

II.  JO 

55.30 

^.Xt 

55.00 

*0.  JO 

4.  'ARGET  AIR  «l:»  -ATt  ’ISCfm 

100. Xi 

100.  to 

100.00 

*.v3. 00 

100.  X) 

1)0.  to 

SCIl  ;>5T£»  PARAMETERS 

!.  TEWERAToRf 

j.  REED  jO!l  'C; 

14. 4ft 

22. 56 

::.a: 

ZT.al 

50. 50 

22. 22 

3.  P=aCEE3tD  SOI.  '0 

175.57 

: '5.:: 

140.53 

>5.:i 

3i 

*•.22 

I.  vOCs 

i.  *EED  SOIL 

J.  2 1  C.HL  uRC€  TM « L  £  WE A#  >«*.•»«! 

4'MO.  X) 

sOtvO. 00 

♦  "‘X.* 

*1400.00 

53RRESP  uq  »: 

1 445*5.34 

4i ,5:5.5: 

344»^.S7 

4tj»i:.»o 

504441. >R  • 

4?v". *5 

4.4CS£-j: 

\:i5i-o: 

l.!#»4-01 

5.  R0«€-05 

i.o-'E-o: 

’i;:a:R0ETR'i.E«€-.A8 

55003.  X) 

» r  so-oo .  jo 

:9'.->Xw.  oo 

:  sotoo.oo 

W. 

♦  l  «Ov.  J« 

ECSREE?  <»«.  «;• 

:**dc«.  o* 

;*45'3:.47 

liSl'T:.:-* 

IlItTit. jo 

I5t4*?i.§i 

5537. *• 

t  w*  1 

s.  :c-«€-m: 

:.u-.f-ot 

4.3i:£-)i 

5.15CC- jS 

i.*4oc-o: 

'.04,  £-.*4 

!.  aq'kq.' 

ilX'O.X) 

siooc.x. 

;5‘>7voo.» 

iSCOvfO.  00 

5::«;wo.  .o 

IjP-lSf  jq  rqi 

::'50'.’S 

:55»4«.55 

15541m.  a* 

:i;5554.i: 

’*c:.a 

I.  ^  w :  £  -  >r 

•  •  j  “  v  * 

:.*«:£-ot 

5.  :*<•€- oi 

5..l5£-05 

*.  (".ElE-'.As 

note,  x) 

5*300. » 

ISCO-M.IO 

*:xoo .  jO 

UL 

M 

52RRE3?  -uq . iq» 

::<k-4.s; 

:3t:oo.:: 

TIU.2 

14145.05 

4;22. 22 

I.HRi 

q.O.«-.'I 

i.jo 

:.  inE~o: 

1.335£-v5 

5.J01E-3I 

:.:5't-j: 

:*“£=  .ocs-.Ag  uv»q) 

♦54:;.  >> 

* :  jc.-o .  x> 

tiiroo.oo 

*50i-.>0.  X> 

*4;  .’0.  Xi 

Hi 

ICR  REIf  uO<»J.' 

*223*. 14 

-..3- 

45l3:.s4 

::»4:.  s 

ja 

•* 

1  ■# 

4.H4C-:: 

5. 

EOL 

I.  .’5s£-05 

’5TAt 1  lOCs-'.Ajl  a:.. 4 

IIs-Xv.  30 

‘ainxi.-'O 

I’SIXXS.  >1 

:::9ot. a 

*.•>0.  .0 

::'-rilr  „q  I  V 

,  *f^;5  *; 

It. III*. IT 

^»5»:4.:: 

K5*’t5.I’ 

;jt ;  4 

t.-S 

*.  'tll-Tl 

3  ■ 

! 

4.I4..E-.:! 

3.  J 

jll-t.'CE'-'.ERt  .3  n 

!  1  2 .  > j 

•*:.>. 

: :  o.  .-j 

• 

r  A 

* « .  .  .* 

4  -* 

3..3IE-3I 

4 

4 

-  ;  j  i 

I.  ” !I.'lI?IE*"'i E'<f  ’jS  <q 

C9C. ✓ 

2  ’  .  . 

A  -• 

#  .  "  .  . 

4  ” 

=.:  «-  5 

;  sf-  * 

-*r_  - 

*..«•£•  t 

I.  AC-.-^CE *“ * '_£**€  jq  >: 

♦  M. 

■:. 

I5.-. . . 

2*- 

:'A 

l  -- 

5 

: 

;% 

5  ►  » 

..4tr{  i 

*.  I'. EKE  .3  *  3 

1 . . .' 

♦  4*.  .  . 

t*v'. .  ;•*. 

i 

♦  ;  .  .  . 

1  -A 

C2£-  ‘5 

5. I  tit-  5 

4-iE -  4 

i//;?  4 

.  /  •  ; 

\ ,  ;  2  •  1 

,;c=  j-  »;• 

;  ’  . . 

.  -  . 

► 

- 

4 

::*r-  4 
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4 
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*: 
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:  .  r 

1 
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WMET EB  9U«  13  RUM  14  RUM  15  U  Still  17  Still 


c.  Muiirai 


1.  BICHCMTiHU* 

- 

“ 

- 

- 

- 

- 

- 

- 

- 

- 

2.  'S;iX3M£'H»L£K  ipp«/.aii 

- 

- 

- 

- 

- 

'•.HRi 

- 

- 

- 

- 

- 

TETMOtuRCETtfrU*  ‘n».«ol: 

- 

- 

- 

- 

- 

- 

- 

- 

- 

t.  itl£K  s»a  *ol  ' 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5.  2r*€S  <0 Ci  at*i  .31; 

- 

- 

- 

- 

- 

l/H»l 

- 

- 

- 

- 

- 

5.  *0TAi  vOCi 

'  - 

- 

- 

- 

- 

•  t>  nRi 

- 

- 

- 

- 

jiCAOWE :«•.£«£  'Ht/rop 

- 

- 

- 

- 

- 

*/N»  1 

-  J 

- 

- 

- 

- 

'ItOOWEXU*  'IM/.oP 

- 

- 

- 

* 

- 

*/t*l 

- 

- 

- 

Tr*«otjwfTnaiK  mw-op 

- 

- 

i /+' 

- 

*  ■ 

- 

*.  t'i.£K  cm>  *sl 

- 

- 

- 

»/N»i 

- 

- 

- 

*.  ;th>  .oc» 

- 

- 

- 

l/Ntl 

• 

- 

- 

».  TTflt  .tc»  pm<««P 

- 

- 

* 

»/<#! 

- 

- 

- 

- 

**r>w*»  :«.£’ 

cm-oi 

■  ::  j.m 

s:.x> 

20.10 

I 

-n 

:.*oce-i: 

i‘)0€ 

» 

•  s • .  IQ 

:si.» 

r^.  /- 

:o.  ;« 

i 

i  -« 

i.sc-x-oi 

l.isic-o; 

!.•*■.£ -il 

jVOE 

:s«  -s. 

9. 9J 

1 1 c. .  v 

31.10 

1  -* 

t .  + 

: 

:.«o£-.>t 

:5vt-  •: 

:-i 

:,o€ 

*.  :\:*i 

4.; 

’  * .  X* 

:i.  >:■ 

* !  *t* 

! .  !  v 

1  — 

s.  .-XC -v! 

; . s  ■£*  r 

3 

1 .  .".‘Of 

I.  ■  ai 

. . 

: .  r. 

s.  >: 

:.i0 

»  - 

». . 

a. 

*  >***-■■• 

rSl 

? .  Xv 

i«.. 

r  ' 

'  3  4  'l 

r 

•  - 

: 

i. ; 

3  *  ?  \C.  •  * 

:.;I  .t-  ; 

w:i 

*  i,  i 

.  :N{  ::t 

- 

- 

1  -i 

- 

- 

- 

- 

- 

- 

::i 

- 

- 

1  - 

*  - 

- 

- 

i  — 

1  i  : 


l  -• 

i 


PARAMETER 

RUI  1/ 

RUN  14 

RUN  IS 

RUN  16 

RUN  17 

RUN  18 

L  MOISTUflt 

i.  PROCESS  AIR  iX/vol) 

2.30 

2.00 

2.00 

t.»0 

2.00 

2.30 

;i/hsi 

3.00 

2.50 

2.40 

2.10 

2.50 

3.10 

1.  ENTHALPY  'BTU/D 

1096.20 

1095.40 

1094.90 

1093.60 

1094.10 

1149.70 

i.  INFILTRATION  AIR  (Z/val) 

2.30 

2.00 

2.00 

1.60 

2.00 

2.30 

(I/HR) 

2.  <9 

2.92 

2.37 

2.17 

3.08 

2.98 

1.  ENTHALPY  <S:U/«) 

1096.20 

.  1095.40 

1094.90 

1093.60 

1094.10 

1096.60 

c.  (WNIFOUJ  11  IX/vol > 

- 

- 

- 

- 

- 

- 

It/Hftl 

- 

- 

- 

- 

- 

- 

1.  •ARIPQLO  12  'Z/voI) 

- 

- 

- 

- 

- 

- 

il/HRl 

- 

- 

’  - 

- 

- 

- 

*.  NANIF0L3  13  lZ/*ol) 

- 

- 

- 

- 

- 

- 

ll/HRI 

- 

- 

- 

- 

- 

- 

4.  AFTERBURNER  INLET  IZ/voi) 

9.28 

11.60 

13.70 

12.50 

10.30 

11.00 

(l/HRI 

23.70 

35.10 

37.30 

37.40 

31.40 

31.90 

1.  ENTHALPY  iBTU/I) 

1139.70 

1148.20 

1137.40 

1133.40 

1123.60 

$.  STACK  '.I/»ol) 

- 

- 

- 

- 

- 

(l/HRi 

- 

- 

- 

- 

- 

- 

».  FL2WATE 

i.  P«OCESSOR  INLET  '*ACFH> 

48.10 

47.00 

44.90 

47.90 

46.00 

62.20 

■DSCF*0 

45.00 

44.30 

42.40 

45.90 

43.70 

46.90 

iI/hR) 

203.00 

200.00 

192.00 

207.00 

197.00 

212.00 

s.  infiltration  air  '.oscFm 

37.70 

51.00 

41.40 

47.50 

53.30 

45.10 

l 1/ HR) 

170.00 

230.00 

136.00 

215.00 

243.00 

203.00 

C.  "AAlFOLJ  11  NACFN) 

- 

- 

- 

- 

- 

- 

(3SCF1I 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3.  HA* I FOLD  II  '*ACF*I 

- 

- 

- 

- 

- 

- 

(SSCFRl 

- 

- 

- 

- 

- 

- 

<  #  /  Hft ) 

- 

- 

- 

- 

- 

- 

*.  haufcis  i:  iACFic 

- 

- 

- 

- 

- 

- 

CSCFH) 

- 

- 

- 

- 

- 

■  I  -  «P' 

- 

- 

- 

- 

- 

- 

‘.  AFTERBURNER  i*l£’  »ACFH> 

120.00 

141.00 

131.00 

138.00 

139.00  , 

127.00 

ISCFN! 

32.70 

95. 3.0 

83.30 

93.40 

97.50 

92.00 

I  I'-i) 

?**7  A.4 

H'V.OV 

430.00 

373.00 

422.00 

440.00 

■415.00 

3.  ETaCK 

50 7 . 00 

510.00 

472.00 

484.00 

541.00 

629.00 

DSC'"! 

106.30 

103.00 

3Q.  *0 

96.70 

113.00 

125.00 

!'►*©■ 

*36. jO 

472.00 

413.00 

445.00 

519.  )0 

574.00 

5.  pm’IUla'E  EPISS-ABI.  STACK  s?  »ACFH) 

- 

- 

- 

- 

- 

- 

S?  ISCFNt 

- 

- 

- 

- 

- 

- 

|  .0, 

- 

- 

- 

- 

- 

-•'FOSE1*  :hi.:s;:e  emissions  ♦  iscfu 

- 

- 

- 

- 

- 

- 

l/HR. 

.  - 

- 

- 

- 

- 

- 

\  : AAEON  o::i;:e  emissions  *..-.2u 

- 

- 

- 

- 

- 

- 

i.-P) 

- 

- 

- 

- 

- 

- 

i.  OirSEN  -PUSr.hS  1.  V3i  ■ 

- 

- 

- 

- 

- 

- 

1  HP 

- 

- 

- 

- 

- 

- 

:ars:n  ■•chc t : :e  emissions  v.:!» 

- 

- 

- 

- 

- 

- 

»  HR. 

- 

- 

- 

- 

- 

I 


F- 14 


PARAMETER 

RUN  13 

RUN  14 

RUN  IS 

RUN  16 

RUN  17 

run  ia 

10.  ENERGY  -  AIR/NOISTURE 

- 

- 

- 

- 

- 

- 

a.  PROCESS  AIR  INLET  (BTU,HR) 

3337.54 

3694.46 

3462.33 

3643.47 

3467.46 

10748.45 

1.  SPECIFIC  HEAT  -BTU/tf) 

2.39<?£-0t 

2.399E-01 

2.339E-01 

2.398E-01 

2.2958-01 

2. 412E-01 

2.  MOISTURE  iBT'J/HR! 

3238.60 

2733.50 

2627.76 

2296.56 

3364.07 

b.  INFILTRATION  AIR  INLET  (BTU/HR) 

3213.70 

4248.63 

2354.:: 

3734.29 

4277. 12 

3923.20 

1.  SPECIFIC  HEAT  BTU. *E • 

2- 299E-01 

:.:99c-oi 

2.339E-01 

2.39SE-01 

2.393E-01 

2.39«-01 

2.  MO I STLiRE  IBTU/HR) 

2729.15 

3199.23 

2595. 03 

2369.41 

33a  9. 32 

3266.04 

C.  AFTERBURNER  INLET  tSTU/HR* 

!s946.;9 

1897’. )4 

13336.47 

13067.il 

1727". 2? 

:»::o.44 

1.  SPECIFIC  hEAT  >BTIj/*f  i 

2.409E-01 

2.409E-01 

2.412E-01 

2.‘O9E-01 

2.40?E-ol 

;.4o:e-oi 

2.  MOISTURE  (BTU, HR) 

2?058.29 

4t>00  J.  47 

42827. B6 

42539.76  1 

355S3. 7a 

25£42. 64 

D.  OIL  SYSTEM  PARAMETERS 

1.  temperature 

a.  SCREW  INLET  '0 

235.45 

257.18 

301.29 

21,9.06 

205.99 

144.33 

b.  SCREW  OUTLET /TROUGH  INLET  ;C) 

22b. a4 

243.76 

236.  05 

213.36 

197.13 

133.77 

c.  TROUGH  OUTLET  (Ci 

226.84 

,231. 29 

265.  74 

206.14 

190.92 

138.31 

2.  PRESSURE 

a.  SCREW  INLET  •PSISi 

19.59 

21.17 

18.08 

32.62 

22.39 

21.7° 

b.  SCREW  0UTLET/TR0U6H  INLET  ;PSI5) 

’.50 

7.33 

7.76 

7.96 

I  J.Z7 

*.:o 

3.  FLONRATE  «.SPM) 

3.40 

9. 30 

7.50 

12.90 

B..9v 

11/ HR) 

4229.14 

4531.22 

3776.02 

3494.  75 

4aao.S7 

rzz.il 

4.  HEAT  RELEASED 

a.  INLET  (8TU/HRI 

1070503.21 

1300713.53 

13:3720.59 

1508973.:: 

933532.22 

6o235*. 00 

1.  SPECIFIC  HEAT-INLET  iBTU/lf) 

5.600E-01 

S.300E-01 

6. 150E-01 

5.45OE-0! 

3.3508-01 

4. EOCE-Ol 

b.  OUTLET  'BTU/HR) 

1C24177. 60 

1137609.54 

1127308.95 

!40y«31.26 

973298. 16 

6323”.  '9 

1.  SPECIFIC  HEAT-OUTLET  (BTU/tFi 

5.500E-01 

5.6O0E-01 

5.350E-01 

5.3S0C-H 

3.20vE-01 

*.:soe-oi 

E.  PROPANE  S/STEM  PARAMETERS 

i.  prcpane  :onsunption  scfni 

2.21 

2.21 

2.04 

2.4’ 

2.42 

>  -  ^ 

'.4,  HR) 

0.25 

0.25 

0.23 

0.23 

.’.23 

?.  PROCESSOR  PARAMETERS 

! .  UK*  SPEED  'SEC  R£v. 

12°. 00 

*6. 00 

&2.;7 

:  4 .  s5 

1 1\ . 11 

33  ** 

_ C 5 S  3 T U / HR > 

16445.54 

110’  r.32 

•ri”.  r* 

. J  4  — 

1.  PERCENT  ' j'AL  HEAT  BTU:-#) 

2Q .  ~Z 

"  r  ; 

bl 

52.  *4 

* 

I 


to  •  — — « 

1 

PARARETER 

RUN  19 

RUN  20 

RUN  21 

RUN  22 

RUN  23 

RUN  24 

hi 

* 

;  A.  C3HTPCSL  RARARETESS 

-  1. 

T ASSET  SOIL  RESIDENCE  TIRE  (HIM) 

40.00 

90.00 

75.00 

60.00 

90.00 

60.00 

i  V 

V 

a.  TAP. SET  SCREM  SPEED  (SEC/REV) 

129.57 

192.84 

140.71 

128.57 

192.86 

128.57 

to  •» 

TARGET  SOIL  DISCHARGE  TERR  fC) 

210.00 

210.00 

210.00 

150.00 

150.00 

50.00 

TARGE*  AIR  INLET  TERP  >n 

90.00 

90.00 

90.00 

90.00 

90.00 

25.00 

'  «■ 

TAfiSET  AIR  fLOto  RATE  IDSCER) 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

r,  V 

'  3.  5QIL  SfSTER  RSR«*TESS 

1. 

T£*P*RATUPE 

a.  PEED  SOIi.  ’C) 

25.47 

25.93 

25.19 

31.08 

28.65 

20.22 

r.% 

a.  fooCESSEJ  SOIL  .0 

r:.35 

218.07 

232.47 

140.96 

149.96 

59.97 

P 

vocs 

* 

i.  TEED  SOIL 

V 

i.  :iCHLQRC£TH’L£RE-LA8  :u*/kq) 

♦750.00 

♦740.00 

♦20.00 

BOL 

BDL 

22000.00 

•  -  ' 

CORPESP 

2795.49 

2591.15 

SOL 

SDL 

8.64 

22000,00 

\ 

'I/HR) 

4.472E-04 

4.000E-04 

SDL 

SDL 

9.706E-07 

3. 182E-03 

>-V 

1 

tbig-lorcethtlene-iai 

SDL 

30L 

♦70.00 

SDL 

BDL 

180000.00 

M 

CCRRESP  iuq/i|l 

2540. SI 

1301.54 

9.47 

170.46 

138.28 

180000.00 

!|/HR) 

5. 923E-04 

2.009E-04 

1.850E-96 

2.829E-05 

1 . 553E-05 

2.403E-02 

V 

'ET?AChl:P0ETH*L£*--A8  'aq/kqi 

SDL 

♦400. DO 

♦30.00 

SDL 

BDL 

140000. 00 

20RRE5P 

127.  a 

301 

SDL 

22.16 

13.83 

140000.00 

'♦/HR) 

2.950E-05 

80L 

BOL 

3.677E-06 

1.553E-06 

2.025E-02 

j 

4.  IlLLRE-.AJ 

3300.00 

13000.00 

160.00 

34000.00 

1500.00 

18000.00 

it-3 

B 

3DRBES?  'uq/k^f 

.  1084°. 49 

12974.19 

11808.47 

40418.83 

57999.59 

18000.00 

•s— ‘ 

J/HR)  ' 

2.517E-93 

2.903E-03 

2.306E-03 

6.707E-03 

6.514E-03 

2.403E-03 

/ 

5.  DIRER  .CCs-LAI  'U|:k|> 

♦530.00 

♦2340.00 

♦15.00 

5600.00 

380.00 

5520.00 

.  ^ 

.* 

2DPRE3P 

.  ’139.73 

17939.50 

19682.16 

21719.74 

33292.60 

5520.00 

l/MR< 

l.seSE-OT 

:.’69E-03 

3.343E-03 

3.604E-03 

3.739E-03 

7.9S4E-04 

1 

•>.  M’Ai.  •Xs-'.AS  u?/i?; 

♦530.00 

USOu.OO 

295.00 

39600.00 

1880.00 

365520.00 

s 

... 

:;R»E:P  1C.' 

34808. 33 

31500.10 

42331.19 

91452.94 

365520.00 

I.ua, 

5.45IE-03 

5.  373E-/3 

5. 150E-03 

1.034E-02 

1.027E-02 

5.287E-02 

'  - 

-  :n?i 

..  III'-Ll‘i!£'«,LERE  -jc  if 

240. » 

SOL 

8DL 

SDL 

♦10.00 

890.00 

I  -A  I 

*. ’DIEM'S 

3D*. 

3DL 

SDL 

9M06E-07 

1. 12SE-04 

1 

’MO 

♦12.00 

200.00 

160.00 

5000.00 

»  -A' 

; . 5TS€-  4 

1.350E-06 

D.3DBEM’5 

1.553E-05 

6.338E-04 

TT 

w 

'  r  •  •  «  _  ^  «  *■£  *  to  •  ^  C  ^  »  3 .  i  5  * 

■ISO. » 

SOL 

SDL 

♦2 i. 00 

♦16.00 

1300.00 

• 

i  - 

l.  £-■;* 

SOL 

SDL 

3.  i7’E-'.'6 

1.557E-04 

1.448E-04 

1 .  i : 

94.  .v 

♦ ;  i , 

o. x» 

i\.  ;u 

140.00 

130.00 

*  ~ 

•  .  * . 

3.I52E-  5 

!.;4«-  ; 

’.212E-06 

I. 353E-05 

1.648E-05 

i 

*. .  *  .Mi  * ;  ■ : 

.  NS. 

-I  ’  .  . 

2 '3. 

’■*  -  i  i 

'.431.  OO 

°5.00 

4  - 

*  -» 

4 

:T!F-  l 

i .;=!£-  * 

:.337E- 

l.MiE-05 

; 

Mi  ■; 

I ’;3. 

z  e  ; 

Mi. .  .• 

: ; :  a  . ; . 

*  '*.1 

"4;!.  3-0 

1  -A 

M  !.!•-  4 

: 

1.  .Hr  -  .1 

:nne-  1 

5E-4 

M35CEM4 

♦*v 

: .  *:  - .  : :r . m.i*Z 

;*  * 

_ 

*1  *  4  C 

i 

..  m:-. : 

; .  N 

-0 

:7 

a 

:  :  h* 

4  * . . u 

i 

-v'l 

•v  ;4 

•*..  :***;  i:  : 

i  4 . . ; 

: 

1  _N s-i*S  * 

:;.r 

M :: 

”,  :S 

-MM 

•  - .  i. 

'.  ■'."-i  .M;  3 

• 

;  r . : ; 

•2.  M 

DC  _  *“ 

i 

:  ~  .  6 

*4 

& 

PARANETER 

RUN  1? 

RUN  20 

RUN  21 

RUN  22 

RUN  23 

RUN  24 

r7  - 

5.  NOISTURE 

a.  EXCAVATED  SOIL  (1) 

14.20 

14.20 

19.40 

15.60 

15.60 

21.00 

a.  FEED  SOIL  U) 

15.40 

17.10 

17.50 

15.80 

15.00 

20.60 

(l/HR! 

34.10 

22.90 

42.49 

24.64 

16.01 

22.77 

!.  ENTHALPY  (BTU/I) 

44.02 

47.02 

45.02 

56.00 

52.01 

36.04 

c.  PROCESSED  SOIL  C) 

O.SO 

0.10 

0.90 

0.10 

0.80 

3.90 

,v. 

(♦/HR) 

1.57 

0.13 

1.39 

0.14 

0.78 

4.94 

■  1.  ENTHALPY  (BTU/I) 

413.34 

402.27 

431.22 

255.20 

271.46 

107.39 

♦.  NASS  FLONRATE 

■ 

a.  FEED  SOIL 

1.  NET  BASIS  (I/HR) 

.  231.52 

154.37  ■ 

195.25 

165.94 

112.30 

144.63 

2.  DRY  BASIS  (I/HR) 

105.12' 

131.47 

152.75 

141.29 

■  96.28 

121.31 

% 

b.  PROCESSED  SOIL  • 

I.  NET  BASIS  '.I/HR) 

194.49 

131.40 

154.14 

141.43 

97.06 

126.75 

2.  DRY  BASIS  (I/HR) 

195.12 

131.47 

152.75 

141.29 

96.23 

121.31 

.  ' 

5.  DENSITY 

fcri 

a.  FEED  SOIL  (l/CU  FT) 

91.27 

95.41 

110.93 

32.57 

86.92  ■ 

86.92 

b.  PROCESSED  SOIL  (I/Cl)  FT) 

74.83 

82.14 

92.49 

NQ 

f  H«  iJ 

83.14 

74.94 

4.  ENERGY  -  SQIL/NOISTUPE 

' 

»*> 

a.  SOIL  IN 

•  .’ 

»  .* 

1.  INERT  SOIL  (BTII/HR) 

3051 .84 

2048.43 

2342.34 

2495.10 

1409.28 

•.464.22 

i 

2.  NOISTURE  (BTU/HR) 
b.  SOIL  OUT 

1474.92 

1076. a7 

1912.74 

1380.06 

832. a9 

920.4? 

1.  INERT  SOIL  (BTU/HR! 

14972.40 

11142.35 

13772.37 

8074.02 

5814.14 

3409,27 

2.  NOISTURE  (BTU/HR) 

450.17 

52.91 

598.19 

36.06 

210.89 

J«l  J  •  »./ 

c. 

AIR  SYSTEM  PARAMETERS 

1.  TENPERATURE 

a.  AMBIENT  AIR  (0 

27.00 

23.00 

29.00 

32.00 

33.00 

1«.00 

b.  HEATER, EFFLUENT/PROC  INLET  fC) 

OS.  00 

94.00 

99.00 

96.-0 

’9.00 

19.00 

fm 

•o 
>  * 

C.  INFILTRATION  AIR  <0 

27.00 

ZB.  OO 

29.00 

32.00' 

33.  Ov 

19.00 

d.  NANIFOLD  11  (0 

93.00 

91.00 

86.00 

sB.M 

74.  .0 

39. 00 

a.  NANIFOLD  12  (Ci 

124.00 

132.00 

124.00 

3 1.00 

Q8.  ;0 

57.00 

f.  NANIFOLD  13  (0 

Ii3. 00 

160.00 

162.00 

105.00 

134.  .0 

4s.  ."■> 

q.  AFTCRSUFNER  INLET  !C) 

1 12. vo 

'  ; 09 .  ;o 

117.00 

V1.' 

'3.  j'J 

44,  .V 

K.  ST ACK 

*»23.oO 

909 .  )0 

907.00 

92a. 00 

’la.  )0 

3Q0  (  J* 

vocs 

i .  AMBIENT  AIR 

!.  TOTAL  VCCs  ‘ o  a  a / v  o i > 

3DL 

DDL 

DDL 

3Dl 

DC. 

sDl 

1  -R) 

DDL 

DDL 

DDL 

DDL 

3  Cl 

55  *_ 

».  nan; 'old  i! 

i.  DICHLDROETH/lENE  oi 

0.50 

).  “J 

DDL 

?DL 

3CL 

- 

t  jo  > 

2.  )"0E-.'4 

2. jOOE-v* 

DDL 

DC. 

3D’. 

- 

TS!OHi.jRGETU;LE,iE  -53*.  «el  = 

DDL 

B-'L 

3DL 

3  Cl 

3Dl 

- 

»  -R, 

DDL 

DDL 

DDL 

dcl 

■  ri} 

T*  'AC  'POE'H'.ENE  ,al > 

SOL 

BC-L 

Bit 

DDL 

33l 

- 

,  - . 

DDL 

3  Cl 

DDL 

DDL 

f 

1.  I'LENE  ad  < oi; 

1  *\ 

..S- 

s.  L  / 

* 

r 

»  JR: 

3.  j  0  )  E  -  4 

*  .  y y 1 C  -•  •  4 

».  )C0£- * 

<  ■’(. ' : -  .  ’ 

•  vE-  F 

- 

y«i-  . OCs  zza ■ . : 

«' .  Z'j 

.  C  V 

■  I 

i, 

,,  -p. 

-  4 

4. 

5.j  .E-i 

•  ■*  r . .  - 

i.  *3TAL  DCs  ::i  .-ci 

4.1 

■1 

: . 

I  .  C1/ 

:  ■ .  :■ 

»  JR' 

: .  *•••}£*•  3 

3. 

3. 

1.3-  E-r* 

•• .  ’  .  *  -  ‘ „ 

- 

r 


F-  17 


u 


PARAMETER 

RUN  19 

RUN  20 

RUN  21 

RUN  22' 

RUN  23 

RUN  24 

Os' 

C.  MANIFOLD  12 

1.  DICHLQROETHYLENE  (ppa/voi) 

0.60 

0.50 

BOL 

BOL 

BOL 

- 

(I/HR) 

:.OOOE*04 

2.00CE-04 

BOL 

30L 

BOL 

- 

>:• 

2.  TRICHLOROETHYLENE  (ppa/vol) 

0.30 

0.30 

BOL 

BOL 

BOL 

- 

A* 

(t/HR) 

2.000E-04 

2.000E-04 

BOL 

BOL 

8DL 

- 

3.  TETRACHLOROETHYLENE  (ppa/vol) 

SDL 

SOL 

BOL 

BOL 

BOL 

- 

rr1 

(I/HR) 

BOL 

BOL 

BOL 

BOL 

BOL 

•  .* 

4.  tYLENE  (ppa/vol) 

1.90 

1.80 

1.50 

8.10 

6.00 

- 

(I/HR) 

9.000E-04 

9.000E-04 

8.000E-04 

4.200E-03 

2.  WOE-03 

- 

5.  OTHER  VOCs  (ppa/voi ) 

0.80 

1.60 

2.00 

5.30 

3.60 

- 

(I/HR) 

3.000E-04 

7.000E-04 

7.000E-04 

2.500E-03 

1.400E-03 

- 

6.  TOTAL  VOCs  (ppa/vol) 

3.60 

4.20 

3.50 

13.40 

9.60 

- 

(I/HR) 

1.600E-03 

2.000E-03 

I.500E-03 

6.700E-03 

4.000E-03 

- 

d.  MANIFOLD  13 

1.  D1CHLOROETHYLENE  (ppa/vol) 

0.50 

BOL 

BOL 

BOL 

SDL 

- 

(I/HR) 

2.000E-04 

SOL 

BOL 

3DL 

BOL 

-  1 

V* 

2.  TRICHLOROETHYLENE  (opa/vol) 

0.30 

BOL 

BOL 

BOL 

BOL 

- 

(I/HR; 

2.000E-04 

BOL 

BOL 

BOL 

BOL 

- 

3.  TETRACHLOROETHYLENE  (ppa/vol) 

SDL 

BOL 

BOL 

9DL 

BOL 

- 

(I/HR) 

BOL 

BOL 

SDL 

BOL 

BOL 

4,  (YLENE  (ppa/voi) 

2.20 

1.30 

2.10 

2-40 

2.  aO 

- 

(•/HR) 

1.000E-03 

6.000E-04 

1. I0OE-O3 

1 . 2006-03 

!. 100E-03 

- 

5.  OTHER  VOCs  (ppa/vol i 

2.20 

4.00 

5.50 

1.20 

1.2 

- 

(I/HR) 

9.000E-04 

1.300E-03 

2.700E-03 

5.000E-04 

5.000E-04 

- 

*  * 

6.  TOTAL  VOCs  ;ppa/vol/ 

5.20 

5.30 

7.60  ’ 

3.60 

3.90 

- 

1 1  ■  HR  I 

2.300E-03 

2. 400E-03 

3.300E-/3 

1.700E-03 

I.600E-03 

- 

* 

•  .  AFTERBURNER  INLET 

(.  DICHLOROETH’lENE  ppa/vol < 

0.53 

o.:o 

BOL 

BOL 

BOL 

- 

■  I ■ HP l 

j.OChOE-04 

4.300E-04 

SOL 

BOL 

BOL 

TPICHLORGETHVUHE  ■  sea/  vai ) 

■  0. 30 

0.10 

30L 

BOL 

SOL 

- 

o 

I/HR! 

*.  OO-OE-04 

2.5OOE-04 

3*1 

BOL 

BOL 

- 

’;ts»CH!.3?CE7H'L:NE  ;pa.'<oi 

2DL 

b:l 

3SL 

BOL 

•  S&L  ' 

- 

I  -«.• 

BOL 

SOL 

BOL 

SDL 

BOL 

- 

4.  I’LENE  p;a  /c I  • 

1.3'/ 

; .  *v 

:.r 

4.:: 

s 

- 

L-R 

'  «vn  c-.r 

:.0'/oe-.: 

:.:x'E-/:  • 

.3  .’■/•£-/: 

3.5-X'E-o:  ■ 

- 

:7'-E=  -'DCs  :;a<  <ol 

: .  i) 

3  3 

“  *■* 

*•  r * 

■*  ■>' 

■- 

- 

«  -A 

:.4<<;e-  ■: 

:.\ot- : 

2.  il 

- 

s.  'OTA.  •  DCs  >:l 1 

3  '3 

i.3  3 

::b:vS... 

1 

i .  J 

2 . 1 .  £  -  ! 

3,  ■ *  2 

:::-l:RCE*'-.£nE  ::«  .Ci 

- 

- 

1  -- 

- 

- 

- 

.  '■  I : sE 

- 

I 

»  -- 


t 

::i 
»  -- 


■  "i 


2 


ft 

PARAMETER 

RUN  19 

RUN  20 

RUN  21 

RUN  22 

RUN  23 

RUN  24 

Cv  — 

3.  NOISTURF 

'.V, 

i.  PROCESS  AIR  (X/v ol) 

1.90 

1.70 

2.20 

2.40 

2.30 

0.80 

(•/HR) 

2.00 

1.90 

2.10 

2.50 

2.30 

0.94 

-  *• 

1.  ENTHALPY  lBTU/1) 

1147.40 

1147.80 

1149.30 

1147. CO 

1149.30 

1091.00 

b.  INFILTRATION  AIR  (I/voll 

1.90 

1.70 

2.20 

2.40 

2. 30 

0.80 

\  T  , 

(•/HR) 

2.48 

2.33 

4.00 

4.10 

2.87 

1.23 

1.  ENTHALPY  BTU/ *)  . 

1097.10 

1097.50 

1098.40 

U00.90 

1101.40 

1091.00 

, 

c.  NAN I, "OLD  11  (I/vol) 

- 

- 

- 

- 

- 

** 

*. 

(•/HR) 

- 

- 

- 

- 

* 

i.  NAN  I  FOLD  12 

- 

- 

- 

- 

- 

- 

il/hRl 

- 

- 

- 

- 

e.  flANlFOLD  <3  iX/voil 

- 

- 

- 

- 

- 

- 

.*  V 

il/HR) 

- 

- 

- 

* 

- 

- 

f.  AFTERBURNER  INLET  IX/vol) 

14.40 

10.00 

14.30 

■  10.40 

8.44 

'  6.90 

(I/HR) 

39.30 

27.00 

47.20 

31.10 

20.40 

20.00 

1.  ENTHALPY  <8TU/I> 

1158.05 

1156.30 

1141.55 

1133.80 

1135.00 

1110.30 

rm 

g.  STAC)  (Z/yoii  , 

- 

- 

- 

- 

* 

* 

tl/HR) 

- 

- 

- 

- 

4.  FLQNRATE 

i.  PROCESSOR  INLET  iNACFH) 

48.90 

49.80 

44. OC 

47.50  , 

47.00 

42.60 

i QSCrN) 

37.60 

38.40 

33.40 

36..  00 

35.40 

41.70 

tl/HR) 

1 70.00 

173.00 

151.00 

163.00 

leO.OO 

IBS. 00 

m 

b.  INFILTRATION  AIR  (DSCrN) 

45.60 

48.10 

63.40  ' 

59.40 

43.40 

54.40 

(•/HR) 

206.00 

217.00 

234.00 

268.00 

196.00 

246.00 

NANIFOLJ  11  (NACFN) 

- 

- 

- 

- 

- 

- 

tOSCFN) 

- 

- 

- 

- 

- 

• l/HR) 

- 

- 

- 

- 

- 

- 

i.  "anifold  «:  nacfn i 

- 

- 

- 

- 

- 

- 

m 

DSCrN! 

■1,  HPi 

* 

* 

- 

“ 

“ 

i.  "AN I FOLJ  43  NACFN) 

- 

- 

- 

- 

■DSC?*? 

- 

- 

- 

1  hS 

- 

- 

- 

♦.  "S*  r  jPNE?  1  E *  inC?*! 

’  ") 

loC.  :•■) 

13a.  A1 

\  •) 

■ 

33. :: 

■  3s. 50 

=  5.30 

35. 40 

'B.30 

; 

— 

1  -A. 

*  7  s .  X' 

m>.  uj 

r\  » 

:5a. 

O...V 

- 

3.  s' AC)  ■ACF* ’ 

v 

*3;.  o 

51  \ 

*  i  •,  ,  , 

all. 

ze\ .  a 

f*  c  *  r  m  \ 

1  *  *  41 

3C  , 

l 

• 

1  -A  1 

X . .  .0 

tU.  .0 

H-.  j 

I  2  “  .  ‘1 

..  1  _  -  E * \  EE *“5 1 .  : 7-0  5? 

- 

- 

- 

- 

•*  ' 

BA  :ec;» 

- 

‘ 

1  -A 

- 

- 

- 

•  ;-:;es  >.:a::e  £«•: ee : ;he  i  is"* 

- 

- 

- 

■ 

t  -= 

- 

- 

- 

.  :-A;-.n  smeiins  *. 

t 

. 

. 

/■ 

i.  :i  een  ;*:ee::ye  v  ,c. 

- 

-- 

i 

■ 

;  a  -  e  h  ::e  e- :  se  :  ;se  l 

i  -= 

■ 

n 

-  ^  'i 

4 


d2 

kJ 


'  PARAHETER 

RUN  19 

RUN  20 

RUN  21 

RUN  22 

RUN  23 

RUN  24 

10.  ENERGY  -  AIR/ HQ1STURE 

- 

- 

- 

- 

* 

a.  PROCESS  AIR  INLET  18TU/HR) 

8394.14 

8542.27 

7587.03 

8048.50 

8039.24 

2984.45 

1.  SPECIFIC  HEAT  (BTU/#f ) 

2.41IE-0I 

2.411E-01 

2.4UE-01 

2.411E-01 

2.41  IE-01 

2.398E-01 

V' 

2.  NOISTURE  IBTU/HR! 

2294.80 

2180.82 

2413.53 

2849.50 

2643.39 

1025.54 

b.  INFILTRATION  AIR  INLET  (8TU/HR) 

3993.20 

4289.40 

5777.08 

5740.47 

4297.64 

3905.19 

1.  SPECIFIC  HEAT  (BTU/IF) 

2.399E-01 . 

2.399E-01 

2.399E-01 

2.399E-01 

2. 399E-01 

2.398E-01 

2.  NQISTURE  (BTU/HR) 

2718.04 

2540.99 

4394.37 

4510.35 

3154.48 

1342.66 

C.  AFTERBURNER  INLET  'BTU/HR) 

21211.81 

21493.02 

25413.51 

17511.40 

14772.82 

11587.42 

1.  SPECIFIC  HEAT  (3TU/IF) 

2.415E-01 

2.415E-OI 

2.414E-01 

2.407E-01 

2.407E-01 

2.401E-01 

... 

2.  MOISTURE  (BTU/HR) 

45511,37 

31220.10 

54625.14 

35241.18 

23154.00 

22206.00 

0.  OIL  SYSTEM  PARAMETERS 

1.  TEMPERATURE 

a.  SCREW  INLET  iC) 

292.51 

298.89 

299.34 

221.13 

221.72 

144.71 

b.  SCREW  OUTLET/ TROUGH  INLET  (0 

■  293.33 

290.10 

293.79 

211.37 

213.39 

138.38 

c.  TROUGH  OUTLET  iC) 

282.22 

290.54 

295.17 

207.91 

210.25 

138.38 

.\ 

2.  PRESSURE 

a.  SCREW  INLET  iPSIG) 

33.52 

37.00 

34.83 

23.05 

23.00 

28.00 

b.  SCREW  0UTLET/TR0U6H  INLET  (PSIS) 

9.92 

11.99 

12.00 

7.72 

10.00 

3.15  ■ 

3.  FLONRATE  (GPU) 

12.50 

13.00. 

12.80 

9.70 

0.30 

11.40 

;l/HR) 

4293.34 

4545.10 

4444.40 

<883.65 

4430.53 

5739.55 

4.  ^AT  RELEASES 

a.  INLET  (BTU/HR) 

2144122.45 

2294392.34 

2242445.30 

11*87*4. 14 

1044761.12 

309129.59 

1.  SPECIFIC  HEAT-INLET  (BTU/IF) 

4.1CI0E-01 

4.1 50E-01 

4. 150E-01 

5.470E-O1 

5. 470E-0I 

4.320E-01 

f? 

b.  OUTLET  ( BTU/HR) 

2039033.54 

2197712.63 

2214*03.20 

106I3,9.45 

981995.96 

773624.49 

i.  SPECIFIC  HEAT-OUTLET  tBTU/IF) 

6. OOOE-Ol 

4.050E-01 

4. IOOE-01 

5.350E-01 

5.400E-J1 

4. 780E-01 

E.  R»OrAKE  SYSTEM  parahE'EPS 

i.  «opane  :onsunption  sc-»i 

2.30 

1.93 

2.01 

M  C-» 

»  .  J  i 

2.64 

2.6* 

■ t'Hfi! 

0.24 

0.22 

0.:: 

0.29 

■j.  30 

0.30 

m 

•  :::czssc°  =ArA«E'E-S 

\.  'it- 

18«.a3 

163.10 

127.39 

-.34. ;; 

::4.’q 

S.  -EA*  .23S  -fO  HR. 

<2Sau.;4 

■::4:s.  33 

-2221Q.l* 

3I5<o.31 

351I. 

. .  '  t " C £ *i *  * I’-l  "t**  :w'j 

40.  *5 

55.31 

-<e. *6 

53. 

tl. 

2i.Bu 

ri 


■4 


PARAMETER 

RUN  25 

RUN  26 

RUN  27 

RUN  28 

VI 

j •  -  j 

CONTROL  PARAMETERS 

1.  TARGET  SOIL  RESIDENCE  TIKE  !HIN) 

60.00 

60.00 

60.00 

90.00 

*\‘4 

*  «  V 

*  .  * 

a.  TARGET  SCREW  SPEED  (SEC/REVi 

128.57 

128.57 

128.57 

192.86 

A*. 

2, 

TARGET  SOIL  DISCHARGE  TEMP  (C! 

50.00 

50.00 

MAX 

MAH 

3. 

TARGET  AIR  INLET  TEMP  (0 

25.00 

25.00 

25.00 

25.00 

m 

4. 

TARGET  AIR  FLOW  RATE  (OSCFH) 

100.  '00 

100..  00 

75.00 

75.00 

SOIL  SYSTEM  PARAMETERS 

1.  TEMPERATURE 
a.  FEED  SOIL  (C) 

14.16 

17.67 

18.75 

19.16 

V 

0.  PRGCES3ED  SOIL  (C) 

59.84 

62.84 

174.58 

185.00 

*) 

VOCs 

a.  FEED  SOIL 

1.  OICHLQROETHYLENE-LA3  luq.kg) 

35000.00 

'  *30000.00 

3DL 

*6700.00 

CORRESP  (ug/kgi 

35000.00 

*30000.00 

BDL 

*6700.00 

'  ■  /• 

'.  *  /  HR ) 

o. 106E-03 

4.o53E-93 

BDL 

7.319E-04 

2.  TRICHLQRCETHYLENE-LAB  (uq/kq) 

1100000.00 

2300000.00 

83000.00 

4300' 10.  0* 

■ 

CjPRESP  ‘uq.kql 

1100000.00 

2300000.00 

33000.00 

410000.00 

•  * ■ HR : 

1.919E-91 

3.567E-01 

1.697E-02 

4.697E-02 

TETPACHL3R0ETHYLENE-.AB  uq/kq) 

470000.00 

390000.00 

120000.00 

34i'G00.00 

CORRESP  <uq.  <qi 

470000.00 

390000.00. 

120000.00 

340000.00 

•4/Hfil ■ 

3.20OE-02 

'  1.380E-01 

2.454E-02 

3.714E-02 

4.  1*IENE-I.AB  uio/kq/ 

37000.00 

37000.00 

♦23000.00 

49000.00 

PR 

CORRESP  '.uq/kqi 

37000.00 

87000.00 

*23000.00 

49000.00 

•'  *  /  HR  1 

6.4S5E-03 

1.349E-02 

4.704E-03 

5.353E-03 

‘_v‘ 

5.  STREP  /0CS-.A8  'aq.’kq) 

*9 60 0.00 

♦1-000.00 

BDL 

6200.00 

1-/! 

OCR'ESP  ' u a ■ ' * q ; 

♦9600.00 

♦17000.00 

BDL 

6200.00 

,  |  ;  UC  _ 

1.500E-93 

2.S37E-93 

BDL 

6.7,:e-v4 

3.  'OTAL  VOCs-LAB  wa.k V 

laCloOO. 00 

3324000.00 

226000.00 

33L500.00 

m 

CSFPESP  ug. 

laC'Jt'.'O.  oo 

3324C00. wO 

226900.00 

331*00.00 

4 .  HP . 

2.S30E-0I 

5.155E-01 

4. 6228-02 

* . 063E-02 

0 1 2 -“L j!I£ 'H*'. E TIE  j; 

;  7\  . » 

jo  • 

♦330.00 

♦*0.00 

4 

‘.;::e-.4 

•.)7«E-75  ' 

3.25'E-’-6 

I,  *:I Ir,.3t3E*u'l£N£ 

'  •  .;oi(  >  ja 

520  -O'.  Do 

1 5,.‘  j  .  00 

♦  1 7 ) . 00 

m 

4  -e 

'• -1  -*L CFCE '-* •  J.'it  .c  <3' 

»-> 

i.  :  j:  ■  ;■ 

4 

£3-  ...V 

i;  ,-j 

7 .  i  *  7 1  *  ■.  7 

4  hi.  jo 

4 

:  #U3£-.j4 

♦  I"1:. '/) 

j.3.:e-  •! 

♦  3  * .  .v 

1.  :*3E-.’5 

SOL 

2  ".i 

5DL 

151.  .■ 

♦  *  -  3 .  j \ 

.  -V  ...  .  »  ‘  ^ 

.  . 

-  .  "  .  . 

*  — 

:  .  - 

- 

c  -r.  4 

:  *4;  r-  c 

i z  •  ^  z  z  r  *  ■ '  r  *,  ■ 

*• 

N. 

, 

v 

m 

. :  *1  •  *. 

•  : 

*  -  . 

-  .-S’-*;  y-s'c  \ 

-j 

- .  . . : 

■  •  -  . 

.  - ; 

_ 


PARAMETER 

RUN  25 

RUN  26 

RUN  27 

RUN  28 

:.  MOISTURE 

a.  EXCAVATED  SOIL  (I) 

21.00 

21.00 

10.60 

10.60 

b.  FEED  SOIL  (I) 

18.40 

18.20 

10.70 

11.30 

(I/HR) 

20.74 

21.24 

24.78 

17.50 

1.  ENTHALPY  IBTU/l) 

25.06 

32.05 

34.  C5 

35.05 

c.  PROCESSED  SOIL  (I) 

4.50 

2.00 

1.00 

0.10 

(♦/HR) 

7.22 

4.11 

1.31 

0.09 

1.  ENTHALPY  OTII/I) 

107. B9 

'  112.89 

317.43 

337.48 

4.  HASS  FLOWRATE  . 

a.  FEED  SOIL 

1.  SET  BASIS  !  ♦/  HR ) 

174.46 

155.10 

204.51 

109.24 

2.  DRY  BASIS  (I/HR) 

153.43 

.  133.24 

179.69 

91.65 

b.  PROCESSED  SOIL 

1.  NET  BhSIS  (I/HR) 

160.66 

137.36 

181.50 

91.74 

.  2.  DRY  BASIS  (l/HR) 

153.43 

133.24 

179.69 

91.65 

5.  DENSITY 

a.  PEED  SOIL  (l/CU  FT) 

86.92 

98.51 

- 

o.  PROCESSED  SOIL  (1/C’J  FT) 

76.11 

72.96 

80.90 

34.63 

b.  ENERGY  -  SOIL/ HO I'STURE 

a.  SOIL  IN 

'  I.  INERT  SOIL  iBTU/HS) 

1764.08 

1700.29 

2162.86 

1218.70 

2.  MOISTURE  (BTU/HRI 

519.73 

634.08 

843.64 

613.48 

3.  SOIL  OUT 

1.  INERT  SOIL  (BTU/HRI  ■ 

4287.21 

3366.92 

12442.97 

6690.32 

2.  MOISTURE  (8TU/HR) 

779.25 

463.46 

575.98 

30.93 

C.  AIR  SYSTEM  PARAMETERS 

1.  TEMPERATURE 

a.  AH8IENT  AIR  (C) 

17.00 

20.00 

21.00  . 

21.00 

3.  HEATER  EFFLUENT /P90C  INLET  (Ci 

17.00 

20.00 

21.00 

21.00 

c.  INFILTRATION  AIR  !C) 

17.00 

20.00 

21.00 

21.00 

b.  MANIFOLD  11  iC) 

43.00 

50.00 

91.00 

71.00 

?.  manifold  i:  '0 

51.00 

63.00 

113.00 

103.00 

(.  MANIFOLD  13  (0 

6?.  00 

75.00 

145.00 

146.00 

3.  iF  i « ^BURNER  .NltT  i C.1 

44.00 

52.00 

91.00 

99.00 

N.  STAC). 

390.00 

396.00 

901.00 

903.00 

2 .  ;0C  i 

i.  -MB TENT  AIR 

' OT -OCs  1 33*/ vcl ) 

BDL 

BDL 

BDL 

BDL 

f  _  UQ } 

8CL 

BDL 

BDL 

BDL 

5.  “AN  I  FOLD  4| 

.■.■.n.jFSt  h<l£NE  -sb*/  /oi. 

- 

- 

* 

- 

|  -lO  > 

- 

- 

- 

" ilh'.drce'H'LEne  ■  de*-' ■' 

- 

- 

- 

- 

i.-R) 

- 

- 

- 

- 

I.  ’:':A3-L3':it'-;LENt  :d»; vol > 

- 

- 

- 

- 

4  -?• 

- 

- 

- 

- 

•  'LENE  ::i 

- 

- 

- 

- 

1  -- 

- 

- 

- 

- 

,‘Zi  :;i,  rci 

■  - 

- 

- 

- 

4 

- 

- 

- 

* 

c.  ' 2 ' -l  .;2Cs  :ci  .-a. 

- 

- 

- 

- 

4  -R 

- 

- 

- 

- 

U 


»4 


4 

‘jOI 


,\ 

.'S 


i 


4  u 
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PARAMETER  RUN  25  RUN  26  RUN  27  RUN 

c.  MANIFOLD  12 

1.  OICHLOROETHYLENE  (ppa/vol) 

(I/HR)  ... 

2.  TRICHLOROETHYLENE  (ppa/vol) 

(I/HR)  - 

3.  TETRACHLQRQETHYLENE  (ppa/vol) 

(I/HR) 

4.  XYLENE  (ppa/vol > 

(I/HR) 

5.  OTHER  VOCs  (ppa/vol) 

(l/'HR) 

6.  TOTAL  VOCs  (ppa/vol) 

(I/HR) 

i.  MANIFOLD  13 

1.  OICHLOROETHYLENE  (ppa/vol)  -  - 

(I/HR)  - 

2.  TRICHLOROETHYLENE  (ppa/vol) 

(I/HR) 

3.  TETRACHLOROETHYLENE  (ppa/vol)  -  -  - 

(I/HR) 

4.  XYLENE  (ppa/vol)  -  -  - 

(I/HR)  -  -  - 

5.  OTHER  VOCs  (ppa/vol)  - 

(I/HR)  -  -  - 

6.  TOTAL  VOCs  (ppa/vol) 

(I/HR) 

e.  AFTERBURNER  INLET 

1.  OICHLOROETHYLENE  (ppa/vol)  - 

(I/HR)  - 

2.  TRICHLOROETHYLENE  (ppa/vol)  - 

(I/HR)  - 

3.  TETRACHLOROETHYLENE  (ppa/vol)  r 

(I/HR)  - 

A.  XYLENE  (ppa/vol)  -  - 

(I/HR  I 

3.  OTHER  VOCs  i ppa/vol )  -  -  - 

(I/HR)  .... 

6.  TOTAL  VOCs  (ppa/vol)  1606659.00  3212010.00  223241.00  330990.0 

(I/HR  I  2.309E-01  5.002E-OI  4.372E-02  9.079E-0 

(.  STACK 

!.  OICHLOROETHYLENE  (ooa/vol) 

(I/HR) 

2.  TRICHLOROETHYLENE  .ppa/vol' 

(!/ HP) 

3.  TETRACHLOROETHYLENE  (ooa/vol) 

(♦/HR) 

■(.  (fLENE  '.ooa/vol ! 
i  ♦/  HR  l 

3.  OTHER  /CCs  iooa//oli 

,1  HP! 

S.  :OTAL  VOCs  '.ooa/'/ol) 

.♦.MR) 


I 


PARAMETER 


RUM  23 


RUN  26 


RUN  27 


RUN  23 


J.  MOISTURE 


a.  PROCESS  AIR  C/voI  > 

1.00 

1.00 

1.00 

1.20 

(I/HR) 

1.20 

1.20 

0.93 

1.00 

1.  ENTHALPY  (BTU/I) 

1088.90 

1091.50 

1092.30 

1092.30 

t>.  INFILTRATION  AIR  (I/vol  1 

.1.00 

1.00 

1.00 

1.00 

(I/HR) 

1.68 

1.56 

1.11 

1.79 

1.  ENTHALPY  (BTU/I) 

1088.90 

1091.50 

1092.30 

1092.30 

c.  NANIFOLD  11  (I/vol) 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

d.  NANIFOLD  12  (Z/vol ) 

- 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

e.  NANIFOLD  13  (I/vol)' 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

f.  AFTERBURNER  INLET  II/vol) 

3.40 

6.90 

11.00 

8.00 

(I/HR) 

16.40 

20.00 

25.00 

20.20 

1.  ENTHALPY  (BTU/I) 

1109.90 

1116.20 

1144.40 

1142.40 

g.  STACK  (I/vol) 

- 

- 

(I/HR) 

- 

- 

- 

- 

,r  LCWRATE 

a.  PROCESSOR  INLET  INACFN) 

43.90 

43.00 

33.70 

31.50 

(DSCFH) 

43.60 

42.30 

33.00 

30.50 

(I/HR) 

197,00 

191.00 

149.00 

13B.00 

is.  INFILTRATION  AIR  (DSCFNI 

59.40 

55.10 

39.10 

52.30 

(I/HR) 

267.00 

249.00 

176.00 

237.00 

C.  NANIFQLD  11  INACFN) 

r 

- 

- 

(OSCFN) 

- 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

d.  NANIFQLD  12  (NACFN) 

- 

- 

- 

- 

(DSCFN) 

- 

- 

- 

.  - 

(l/HRI 

- 

- 

- 

i.  NANIFOLD  13  INACFN. 

- 

- 

- 

(DSCFH) 

- 

- 

- 

- 

il/HR) 

- 

- 

- 

- 

t.  AFTERBURNER  INLET  (NACFN) 

125.00 

124.00 

107.00 

119.00 

(DSCFH) 

103.00 

97.40  ' 

72.10 

33.00 

ll/Hfi) 

464.00 

440.00 

325.00 

375.00 

g.  STACK  i NACFN) 

621.00 

720.00 

494.00 

559.00 

(DSCFH) 

118.00 

158.00 

111.00 

121.00 

(I/HR! 

540.00 

723.00 

511.00 

555.00 

PARTICULATE  EM ISS-ABI /STACK  (SR/NACFH) 

- 

-  ■ 

- 

■ 

(SR/DSCFH) 

- 

- 

- 

- 

ll/HR) 

- 

- 

- 

- 

HYDROSEN  CHLORIDE  EMISSIONS  (l/DSCFHI 

- 

- 

- 

- 

(I/HR) 

- 

- 

- 

- 

£ 

r.  < 
*■:* 
'AJ 

PARAMETER 

RUN  23 

RUN  26 

RUN  27 

RUN  28 

10.  ENERGY  -  AIR/MOI STURE 

. 

a.  PROCESS  AIR  INLET  (STU/HR) 

2957.26 

3114.52 

2493.97 

2309.85 

y 

1.  SPECIFIC  HEAT  (BTU/IF) 

2.398E-01 

2.398E-01 

2.398E-01 

2.398E-01 

2.  MOISTURE  (BTU/HR) 

1306. sB 

1309.80 

1015.84 

1092.30 

m 

r  * «' 

b.  INFILTRATION  AIR  INLET  (BTU/HR) 

4008.07 

4060.29 

2945.90 

3966.92 

1.  SPECIFIC  HEAT  (BTU/IF) 

2. 398E-01 

2.39BE-01 

2.398E-01 

2.398E-01 

.*  *  .* 

2.  MOISTURE  (STU/HR) 

1832.73 

1704.13 

1210.17 

1953.34 

c.  AFTERBURNER  INLET  (BTU/HR) 

12388.39 

13274.41 

15336.04 

17207.40 

«■ 

1.  SPECIFIC  HEAT  (BTU/IF) 

,  2.401E-01 

2. 402E-01 

2.41CE-01 

2.410E-01 

2.  MOISTURE  (BTU/HR) 

18202.36 

22324.00 

28610.00 

23076.48 

0. 

OIL  SYSTEM  PARAMETERS 

1.  TEMPERATURE 
a.  SCREW  INLET  (0 

144.71 

148.20 

294.03 

289.13 

b.  SCREW  OUTLET /TROUGH  INLET  !C) 

139.13 

144.02 

277.36 

275.24 

■  -  * 

c.  TR0U6H  OUTLET  (0 

137.78 

140.56 

260.69 

264.41 

** 

2.  PRESSURE 

a.  SCREW  INLET  (PSI6)  ' 

30.00 

30.00 

20.88 

18.22 

b.  SCREW  OUTLET/TROUSH  INLET  IPSIB) 

8.50 

9.50 

10.38 

10.33 

•; 

I.  FLOWRATE  (GPM) 

11.90 

11.60 

7.60 

6.20 

(I/HR) 

5991.28 

5B40.24 

3826.36 

3121.51 

a 

4.  HEAT  RELEASED 
a.  INLET  (BTU/HR) 

844617.08 

846242.60 

1310011.51 

1043279.09 

1.  SPECIFIC  HEAT-INLET  (BTU/IF) 

4.B20E-01 

4.850E-01 

6.100E-01 

6.050E-01 

b,  OUTLET  (BTU/HR) 

796851.62 

798967.26 

1112400.76 

927537.12 

\ 

I.  SPECIFIC  HEAT-OUTLET  (BTU/IF) 

4.750E-01 

4.300E-01 

5.800E-01 

5.350E-01 

• 

E. 

*1 

PROPANE  SYSTEM  PARAMETERS 

1.  PRGPANE  CONSUMPTION  (SCFM) 

2.79  ' 

2.73 

2.13 

'  2.51 

■'♦/HR) 

0.32 

0.31 

0.24 

0.29 

F. 

PROCESSOR  PARAMETERS 

1.  SCREW  SPEED  (SEC/REV!  ' 

124.23 

125.50 

125.65 

183.43 

s. 

HEAT  LOSS  (BTU/HR)  ■ 

24496.3! 

19919.67 

151513.15 

79991.92 

1.  PERCENT  TOTAL  HEAT  (BTU/HR) 

51.29 

42.14 

76.68 

69.03 

£ 
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APPENDIX  G 
MASS/ENERGY  BALANCE 
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VUC  s  Oichloroethylene  (lb/hr) 


Heal 

Loss 

1 

1 

1 

1 

1 

1 

-*  % 
is 

<S)  * 
ui 

1 

1 

\ 

1 

1 

1 

1 

Oil 

Gas 

Dis¬ 

charge 

1 

1 

> 

1 

1 

1 

Soil 

Dis¬ 

charge 

1 

1 

1 

1 

1 

1 

Oil 

Outlet 

1 

1 

1 

1 

1 

i 

—  o  ^ 
!«< 

1 

1 

1 

1 

1 

1 

■a 

V) 

1>  w  S 

O  J  *5 

O  <  = 

£ 

1 

1 

'■ 

I 

1 

1 

1 

1 

—  a> 

°  c 

1 

1 

1 

1 

1 

I 

Soil 

Feed 

1 

1 

1 

I 

1 

1 

.g.g.g^.g.g.o.a.g.g^.o-gxi.g  2  B 


Nuleb  BDL  -  Below  Detection  Level 


Notts  BDL  Below  Detection  Level 


BDL  Below  Detection  Level 


(Ib/hr) 

OC  b  Dichloiouittylene  |!b/h() 

1  nchloroethylene  (to/hr) 


i nr 


Spi-i.iiu  rU  .it 'Mealuuj  Value  (Blu/lb) 


MATERIAL/ENERGY  BALANCE 
FOR  TEST  RUN  11 


Stream  Number 


01  II 


T*  ■.i:',T»r  'y^vy.y'y 


*:rT».rj~^.  «vT^-r?,,  v^.'  vr r^r^.'Tf  yy?  »y  v  '■  i  *vy»  pro 


M 


c,-  1  a 


Process  |  loftl- 


Stream  Number 


Stream  Number 


Stream  Number 


Stream  Number 


.c.c.c.c.c.c.cJEjc.cr 


bpeciliu  H<  al/Meahny  Value  (Blu/lbj 
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APPENDIX  H 
SUPPLEMENTAL  DATA 

Table  H-l  Moistute  content  in  the  processed  soil. 

Taule  H-2  Mass  flow  rate  of  feed  soil  and  processed  soil. 

Table  H-3  Comparison  of  total  VOC ' 3  as  measured  by  the  CEM 
system  and  GC/MS  analysis. 

Table  H-4  Summary  of  MM1  data  from  Test  Run  2 
(6  August  1905) 

Table  H-5  Summary  of  MM1  data  from  Test  Run  4 

8  August  1985 )  . 

Table  H-6  Summary  of  MM1  data  from  Test  Run  5 

9  August  1985)  . 

Table  H-7  Moisture  content  in  the  air  discharge  stream. 
Table  H-3  Temperature  of  the  air  discharge  stream. 
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H.  SUPPLEMENTAL  DATA 

H.l  Moisture  content  of  processed  soils.  The  moisture 
content  in  the  processed  soil  varied  with  changes  in  the 
operating  conditions.  The  moisture  content  of  the  processed 
soils  is  shown,  in  matrix  format,  for  all  operating  conditions 
i n  Table  H- 1 . 

H .  2  Mass  flow  rate  of  soils.  The  mass  flow  rate  of  the 
feed  and  processed  soils  were  monitored  regularly  during  the 
pilot  study.  As  expected,  the  mass  flow  rate  of  the  processed 
soils  varied  with  changes  in  the  operating  conditions  and 
moisture  content  in  the  soil.  The  mass  flow  rates  of  the  feed 
and  processed  soil  streams  are  summarized  in  Table  H-2. 

H .  3  VOC  concent r a t i ons  in  off-gas  manifold  as  determined 
by  continuous  emission  monitoring  (OEM)  system  and  mobile  mass 
soect  rometer .  In  addition  to  the  laboratory  GC/MS  analyses, 
two  other  modes  of  analysis  were  used  to  analyze  the  discharge 
•  gas  in  the  three  legs  of  the  manifold  system:  1)  a  CEM  system, 

and  2)  a  mobile  mass  spectrometer.  The  CEM  system  utilized 
portable  rield  instruments  to  measure  the  gross  VOC 
concent  rat  ions  in  the  linear  range  from  1  to  600  ppm  relative 
to  the  calibration  gas  (benzene).  An  AID  photoionization 
detector  was  used  during  Test  Runs  1  through  11.  An  OVA  was 
used  during  Test  Runs  12  through  23,  and  test  runs  25  through 
1  28.  A  summary  of  the  gross  VOC  concent  rat  i  ons  as  measured  by 

the  CEM  system  is  shown  for  each  manifold  leg  in  Table  H-3.  For 
comparison,  the  total  VOC  concentrations  as  detected  by  GC/MS 
techniques  are  also  given.  As  shown,  the  average  deviation 
(i.e.,  1 00\  x  (1  -  (GC/MS) /CEM  1  )  corresponding  to  the  AID 
detector  was  68.93  percent.  The  average  deviation  corresponding 
I  to  the  OVA  was  54.00  percent.  The  large  variance  between  the 

VOC "  s  measured  by  the  GEM  system  and  GC/MS  analyses  indicates 
that  the  portable  monitors  aie  not  adequate  to  accurately 
quantify  VOC  *  s  in  the  air  stream.  The  portable  instruments  are 
far  less  soph i st l c » ted  analytically  and  extreme  precision  is 
not  expected.  However,  analysis  of  Table  H-3  indicates  that  the 
instrument  readings  are  generally  m  the  same  older  it 

magnitude  as  the  GC/MS  results.  The  portable  monitors, 

therefore,  can  be  used  to  obtain  real-time  est  jmat.es  <-t  V-  X* 
emissions  in  the  air  <li  ichaigmg  the  'nertai  processor  . 

A  Broker  MM  1  mobile  mass  spent i  meter  was  uls'  utilized 
during  Test  Runs  2,  4,  and  5  con  1’irted  on  i  August  l'MS,  H 
August  1996,  and  9  August  1  986,  respectively.  The  MM  1  was  used 
f  .)  qua  1  1 1  a  t.  l  ve  1  y  i  dent  i  :  y  V(.'C  '  s  in  t  he  d  l  so  ha  i  qe  ait  s  t  r  e  i.r  . 
The  data  generated  oy  t  ne  MM  1  luring  Test  Runs  2,  •!  .  and  6  ire 

'  sh.wn  in  Tables  H-4  through  H->>.  The  MM  I  identified  mly  Mv-se 


AtMrt  Am  MM*i  u  CW>*ted  Ail  MM  Tmpmm 


•itntMOun^  j*pit  nv  p*H»H3  H  •rnit»»du»n  |»(U1  |u*rq<vy 


!!  i 


S3 

1  1 

1  >  SS 

o  — 

i  1 

?|  if 


»vv\ 

^VvS 

«V>S 

NJnJs 

ttsS 


m 


wn 


.  \  ■  .1 


3  3 

m  a 

o  «■* 

:  ? 

S  s 

•I? 

e  * 

i 

r> 

S 

*• 

A 

1 

ii 

_  > 
t : 

„  k 

t  : 

■7  : 

t  . 

*  i 

.  i 

COMPARISON  OF  TOTAL  VOC  *  S  AS  MEASURED  BY  THE  CEM 
SYSTEM  AND  GC/MS  ANALYSES  (PPM  BY  VOLUME) 


CEM  system _ 

Mani-  Mani¬ 
fold  fold 
2  3 


GC/MS 
Ana  lyses 
Afterburner 
inlet 


Deviation 
Between  CEM 
System  and 
GC/MS  Analyses 
(percent) 


I.  Phasfe  I  Test  Runs 


1 

5 

5 

5 

<  1 

2 

768 

812 

778 

704 

3 

6 

8 

24 

7 

4 

3 

3 

3 

1 

5 

831 

809 

800 

936 

6 

768 

695 

592 

1,  122 

7 

3 

2 

2 

519 

8 

368 

484 

707 

206 

9 

365 

390 

325 

515 

10 

1,240 

1,320 

1,200 

3,620 

11 

437 

426 

381 

519 

'  B .  OVA 


12 

331 

494 

477 

426 

13 

117 

133 

•  122 

88 

14 

167 

202 

130 

258 

15 

550 

607 

533 

544 

16 

399 

537 

576 

503 

17 

142 

157 

115 

196 

18 

17 

1 

17 

17 

5 

(Average 

OVA  Deviation  - 

1 

Phase  I  Test 

Runs 

80.00 

10.43 

7  39.21 

1  63.33 

15.08 
63 . 80 
(7,314.29) 
60.36 
43.06 
188.83 
25 . 16 

Average  58.93 


1 . 84 
29 . 03 
55.11 
3.43 
0 . 20 
42 . 03 
68 . 82 


28.64) 


GC/MS 
Ana  lyses 
Mani- 
fold 
2 


Mani-  CEM  system 

fold  Afterburner 

3  inlet 


Deviation 
Between  CEM 
System  and 
GC/MS  Analyses 
( percent ) 


I.  Phase  Ia  Test  Runs 


A.  OVA 


19 

2.4 

3.6 

5.2 

70  . 

94 . 67 

20 

2.0 

4.2 

5.3 

54 

92.90 

21 

1.6 

3.5 

7.6 

100 

96.77 

22 

3.6 

3.4 

3.6 

44 

84.39 

23 

10.8 

9.6 

3 . 8 

39 

79  32 

(Average  OVA  Deviation  -  Phase  II  Test  Runs: 


t  Runs :  89.41) 

Average  54.00  percent 
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TABLE 

H-4 .  SUMMARY  OF  MM1 

DATA  FROM 

TEST  RUN  2 

(6  AUGUST 

1985) 

tM-M. 

urn 

to 

Tarqet  Compounds  (arbitary  loq  units) 

& 

Number 

of  deter¬ 

1.2-Di- 

chloro- 

1.1.1- 
Tr ichloro- 

Aliphatic 

hydro¬ 

Chloro¬ 

Dichloro- 

Manifold 

minations 

ethene 

ethane 

carbons 

form 

me thane 

nsm, 

M4 

Baseline ' 

3. 0-3. 9 

2. 9-3. 7 

3. 6-4. 5 

2.6-3. 2 

1 

6 

4. 3-5.0 

4. 1-5.0 
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Readings  taken  in  area  where  process  was  operating  -  represents  background  in  that  area 
(D  -  Mot  detected. 
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TABLE  H-6.  SUMMARY  OF  MM1  DATA  FROM  TEST  RUN  5  (9  AUGUST  1985) 


Target  compounds  (arbitrary  log  units) _ 

1.2-Di-  Tetra-  Tri- 

lloro-  chloro-  chloro-  chloro- 


.7  4. 4-5.0  4 . 2 -4 . 8  4. 1-4.7  4. 5-4. 9 

.9  4. 9-5. 4  4. 7-5.0  4. 4-4. 9  4. 6-5.0 

.9  5. 2-5. 4  4. 8-5.0  4. 6-4. 9  4.4-4. 7 

.9  4. 8-5.0  4. 9-5.1  4. 6-4. 8  4. 7-5.0 

4. 5-5. 3  4. 7-4. 9  4. 2-4.7  4. 3-5.0 


Number 

Tetra- 

1.1.1- 

Mani¬ 

of  deter¬ 

chloro- 

Tr ichloro- 

fold 

minations 

ethene 

ethene 

3 

6 

3. 7-4. 5 

.  5. 3-6.0 

1 

7 

4. 2-4. 6 

5. 8-5. 9 

i-^.5  5. 9-6. 2 

.4  5.9 

.5  5. 9-6. 3 

.8  6. 1-6.4 

.5-4.9  5. 8-6. 2 

4. 6- 4. 8  6.0-6. 2 

4.7- 5. 1  6. 0-6. 4 

4.9-5. 1  6. 5-6. 8 


Baseline  1 


'Readings  taker  in  area  where  process  was  operating  -  represents  backgound  in  that 
area . 

ND  =  Not  Detected 
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TABLE  H-8  TEMPERATURE  OF  THE  AIR  DISCHARGE  STREAM  (°C) 
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compounds  Cor  which  it  was  mass  calibrated  with  standards; 
other  compounds  may  have  been  present.  Units  on  the  summary 
tables  represent  the  logarithmic  intensities  of  ions 
characteristic  to  the  target  compounds  (e.g.,  alphatic 
hydrocarbons  were  semiquantif  ied  with  ions  at  57,  71,  and  95 
atomic  mass  units  (AMU)).  It  is  emphasized  that  since  the  MM1 
was  not  calibrated  for  quantification,  and  the  sampling  method 
(simply  placing  the  probe  2  inches  from  the  sampling  poft)  was 
not  quantitative,  the  data  can  be  used  only  in  a  relative 
sense.  The  data  cannot  be  converted  to  concentrations  in  air. 
Further  work  is  required  to  standardize  instrument  response  and 
establish  sampling  techniques  before  the  logarithmic 
intensities  can  be  converted  to  a  relative  concentrations. 

H .  4  Moisture  content  in  the  air  discharge  stream.  The 
moisture  content  of  the  air  discharge  stream  was  monitored  at 
the  afterburner  inlet.  The  moisture  content  of  the  combined  air 
strearti  is  shown  for  all  operating  conditions  in  Table  H-7. 


H.5  Temperature  of  the  discharge  air  stream.  The 
temperature  of  the  gases  discharging  the  thermal  processor  were 
monitored  during  each  test  run.  Temperatures  were  monitored  in 
each  leg  of  the  manifold  system  as  well  as  at  the  afterburner 
inlet.  Air  discharge  temperatures  are  summarized  in  Table  H-8. 
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APPENDIX  I 


STATISTICAL  ANALYTICAL  APPROACH 


Analysis  Techniques.  The  multiple  regression  analysis 
reduces  the  data  to  a  linear  equation,  as  discussed  in  Section 
9,  which  can  be  used  to  predict  important  response  variables. 
The  use  of  stepwise  analysis  allows  the  determination  of 
regression  coefficients,  while  interactively  specifying  the 
system  equations  via  addition  or  deletion  of  singular  variables. 

As  with  any  statistical  tool,  there  are  limitations  in  the 
multiple  regression  technique;  however,  these  limitations  can  be 
overcome  as  discussed  in  the  following  subsections. 

In  the  case  of  a  nonlinear  relationship  between  the  input 
variables  and  the  response  variable,  the  alternative  procedures 
include: 


Reduce  the  span  of  the  analysis  of 
variable  until  an  acceptable  correlation 
Transform  the.  response  variable,  e.g., 

LN ( Y)  -  a  ♦  b„Xn 

Weigh  each  of  .the  input  variables,  e.g., 

Y  ■  a  +  b|W,X(  +  b^WjX;  +  ...  +  bnWnXn 

Use  multiple  regression  as  the  initial 
followed  by  analysis  by  a  different 
finalize  the  correlation. 

Utilize  the  linear  relationship  in 


the  response 
s  found. 


iterative  step 
technique  to 


capacity  recognizing 
true  relationship. 


there 


variance 


estimation- 
from  the 


In  order  to  determine  the  exact  relationship  between  the 
variables  over  a  useful  span,  the  third  and  fourth  procedures 
would  have  to  be  employed  following  each  of  a  series  of  trial 
operations  similar  to  the  test  recently  completed.  This  would 
be  very  costly  and  time  consuming  and  is  impractical  for  this 
analysis. 

A  correlation  which  minimizes  the  variance  from  the  true 
relationship  could  be  developed  using  the  third  and  fourth 
procedures  to  analyze  the  data  recorded  from  the  completed 
test.  Although  this  procedure  could  extract  some  otherwise 
indistinguishable  relationships  from  the  data,  it  would  be  very 
time  consuming  and  is  also  not  within  the  scope  of  this  project. 
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The  method  generally  accepted  as  the  initial  iterative  step 
is  a  combination  of  the  first,  second,  and  fifth  procedures, 
whereby  a  basic  correlation  would  be  developed  followed  by  the 
determination  of  its  useful  span.  This  data  analysis  is  based 
on  this  method. 

One  advantage  of  multiple  regression  is  the  ability  to 
simultaneously  analyze  unlimited  numbers  of  input  variables. 
When  computers  are  used  to  perform  the  analysis  the  number  of 
input  variables  may  be  limited  by  the  software  or  hardware  of 
the  computer.  WESTON  has  utilized  software  and  hardware  which 
can  analyze  all  of  the  test  variables  simultaneously.  A 
Tektronix  4054  microcomputer  and  its  associated  plot-50 
statistics:  Multiple  Linear  Regression  software  package"  was 
utilized  to  perform  the  computations  necessary  for  the  iterative 
steps . 

It  should  be  noted,  however,  that  the  number  of  calculations 
required  to  solve  the  equations  used  in  the  analysis  increases 
factorially  as  each  additional  variabla  is  included  in  the 
analysis.  Computer  time  should  be  a  consideration  when  deciding 
the  number  of  input  variables  to  be  analyzed. 

As  the  number  of  input  variables  increases,  so,,  does  the’ 
probability  of  coincidence  (i.e.,  an  input'  variable  may  not 
actually  be  correlated  to  the  response  variable  other  than  by 
coincidence).  while  only  additional  testing  can  prove 
correlation  by  coincidence,  this  factor  can  be  discounted  based 
on  scientific  judgment  and  adjustment  to  the  response 
parameters. 

Final  solution.  Application  of  the  multiple  regression 
packages  yielded  ANOVA  tables,  regression  tables,  and  summary 
of  successive  significance  of  input  variables. 

The  ANOVA  table  includes  the  following  information*: 

(a)  SS  -  The  sum  of  squares  of  the  deviations. 

(b)  MS  -  The  mean  square,  which  is  SS/df . 

(c)  df  -  Degress  of  freedom. 

(d)  F  -  The  value  of  the  F  statistic,  such  that 

F  =*  (Regression  SS/df  )/(  Res  idua  1  SS/df). 


‘Users  Manual,  Statistics:  Multiple  Linear  Regression,  Plot 
50--1050D04,  Tektronix,  [nc.  ,  Beaverton,  Oregon,  July  19-82. 

*A  glossary  of  statistical  terms  is  provided  in  Table  t-L  at  tne 
end  of  this  appendix. 
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(e)  Pr  >F  -  The  probability  that  a  value  of  a  random 
variable  having  the  F-di  st r ibut ion  takes  on  a  value 
greater  than  the  value  of  F.  A  value  less  than  0.1 
indicates  significance  of  the  F  statistic  and,  conse¬ 
quently,  the  overall  system  equations.  Statisticians 
normally  associate  a  Pr  >F  value  of  less  than  0.05 
with  a  very  significant  hypothesis. 

(£)  R-square  -  The  coefficient  of  determination,  which 
gives  a  measure  of  the  linear  assbciat ion  between  the 
dependent  variable  and  the  set  of  independent 
variables.  The  R-square  value  indicates  the 
significance  of  the  model  (or  variable)  where  1.0 
equals  100  percent. 

(g)  Rbar-square  -  An  adjustment  to  R-square  for  its 
tendency  to  increase  as  the  number  of  independent 
variables  increases.  The  adjustment  is 

1  -  ((r  res'/(n-p))/(  l( Y , -Y) ' / ( n- 1 ) ) 

(h)  Root  of  Residual  MS  -  The  square  root  of  the  residual 
mean  square. 

The  regression  table  includes  the  following  information  for 
each  variable  coefficient  in  the  regression  equation:, 

(a)  Estimate  -  The  estimated  value  of  the  coefficient. 

(b)  Standard  Error  -  The  standard  error  of  the  regression 
coefficient  estimates. 

(c)  t  -  The  value  of  the  t-statistic,  which  is,  for  each 

esr.  imate : 

Estimate/Standard  Error. 

(d)  Rr  >  ABS  ( t )  -  The  probability  that  the  absolute  value 

of  a  random  variable  having  the  t-dist r i but  ion  takes 
on  a  value  greater  than  the  absolute  value  of  t.  A 
value  of  Pr  >A9S(t)  of  less  than  0.1  indicates 
significance  of  the  t-static  and,  consequently,  the 
estimated  value  of  the  coefficient.  Statisticians 
normally  associate  a  Pr  >A8S(t)  value  of  less  than 

0.05  with  a  very  significant  hypothesis. 

The  value  of  the  Durbin-Watson  statistic  can  be  used  to  test 
whether  the  residuals  are  uncorrelated. 

For  each  iterative  step,  both  the  forward  and  backward 

stepping  techniques  are  applied.  The  forward  stepping  analysis 

allows  the  statistician  to  select  a  variable  to  be  added , to  the 
model,  or  the  Tektronix  4054  will  automatically  select  the 
variable  which  is  most  significant  of  those  remaining,  and  add 
it  to  the  model.  The  forward  stepping  technique  determines  the 
marginal  contribution  of  each  variable  added.  The  backward 
stepping  technique  includes  all  of  tne  selected  variables  to 
determine  interrelationships  between  the  input  variables  and  to 
calculate  an  overall  system  equation. 
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The  iteration  f rocess  was  continued  until  significant  and 
practical  system  equations  were  developed.  System  equations 
were  rejected  if: 

(a)  The  probability  that  the  hypothesized  equation  was  not 
correct  exceeded  10  percent  (Pr  >F  was  not  less  than 
0.1). 

(b)  The  significance  of  the  equation  did  not  approach  90 
percent  (R-square  did  not  approach  0.9)  or  too  many 
variables  were  required  to  reach  this  level. 

(c)  The  range  of  response  variables  for  which  a  correlation 
could  be  developed  was  too  small. 

Input  variables  were  eliminated  from  the  system  equations 
based  on: 

(a)  Insignificant  marginal  contribution  to  the  model 
determined  by  the  R-squared  value  computed  during  the 
forward  stepping  process. 

(b)  A  high  probability  that  the  hypothesized  variable 
coefficient  was  not  correct  as  determined  by  the 
analysis  of  the  t  statistic  of  the  regression  table 
(Pr  >  ABS ( t ) ) . 

(c)  Scientific  and  intuitive  reasoning  suggesting 
.  alternative  correlations  between  the  input  variable  in 

question  and  the  response  variable. 

(d)  The  coefficient  of  the  input  variable  was  corrective. 

The  system  model  is  a  set  of  simple  linear  equations  which 
describe  certain  system  parameters  and  enable  the  projection  of 
responses  to  be  calculated  based  on  measureable  input  data.  The 
use  of  the  system  model  can  vary  from  a  basis  for  an  environ¬ 
mental  permit  application  to1  becoming  an  aid  for  system  design 
or  ultimately  a  dynamic  model.  The  intended  use  of  the  system 
equations  for  the  purposes  of  this  report  is  the  projection  of 
system  requirements  to  aid  in  future  technical  and  economic 
feasibility  analyses  of  thermal  stripping  as  a  decontamination 
method  for  soils  contaminated  with  VOC ' s  as  well  as  system 
des  i gn  . 
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GLOSSARY  OF  STATISTICAL  TERMINOLOGY 


ANOVA  table  -  Analysis  of  Variance  table.  The  ANOVA  table  pro¬ 
vides  a  useful  summary  of  calculations  about  variability.  It 
contains  sums  of  squares  and  mean  square  estimates  of  the  two 
sources  of  variability  (regression  and  residuals)  and  their  re¬ 
spective  degrees  of  freedom,  the  value  of  the  F-statistic,  R- 
square,  Rba r-squa re j  and  Pr  >F. 

Dependent  variable  The  variable  to  be  described  in  terms  of 
others  in  the  regression  model. 

Fitted  values  -  Values  of  the  dependent  variable  calculated  from 
the  regression  equation  and  existing  values  of  the  independent 
variables  in  the  model. 

Independent  variable  -  A  variable  used,  possibly  in  conjunction 
with  other  variables,  to  describe  a  given  dependent  variable. 

Lease  squares  -  The  leas t -squa res  method  is  a  method  of  line¬ 
fitting  that  determines  parameter  values  to  minimize  the  sum  of 
squares  of  the  deviations  (lengths  of  the  vertical  line  seg¬ 
ments)  from  the  observed  data  points  to  the  line. 

Mean  -  The  arithmetic  average  of  a  column  of  data. 

Median  -  The  middle  value  in  an  ordered  column  of  data;  that  is, 

the  data  value  half  way  between  the  top  and  bottom. 

Missing-data  value  -  A  numeric  constant  used  as  a  place  holder 
for  data  missing  from  the  data  set.  . 

Mode  -  The  value  that  occurs  most  often  in  a  data  set. 

Model  -  A  statistical  equation  that  expresses  the  supposed 

(often  only  approximate)  functional  relation  between  variables. 

i 

Observation  -  A  row  of  data  in  a  data  file. 

Outliers  -  A  pair  of  values  being  plotted  is  an  outlier  if  the 
value  for  one  of  the  variables  falls  outside  a  specified  number 
of  standard  deviations  from  its  mean.  (Outliers  for  an  index 

plot  are  defined  only  on  the  variable  for  the  y  axis.)  More  gen¬ 
erally,  any  discrepant  value. 

Pr  >ABS(t)  -  The  probability  that  the  absolute  value  of  a  random 
variable  having  the  the  t  distribution  takes  on  a  value  greater 
than  the  value  of  the  t  statistic  calculated  as  part  of  the  re¬ 
gression  table. 
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TABLE  1-1.  (Continued) 


Pr  >F  -  The  probability  that  a  random  variable  having  the  F  dis¬ 
tribution  takes  on  a  value  greater  than  the  value  of  the  F  sta¬ 
tistic  calculated  as  part  of  the  ANOVA  table. 

Predicted  value  -  The  value  of  the  dependent  variable  calculated 
from  the  regression  equation  and  new  values  of  the  independent 
variables  in  the  model. 

Probability  plot  -  Values  of  a  variable  plotted  on  a  probability 
scale.  The  horizontal  scale  refers  to  percentages  of  the  proba¬ 
bility  distribution.  The  vertical  scale,  an  ordinary  arithmetic 
scale,  is  for  the  variable.  The  degree  to  which  the  data  lies  on 
a  straight  line  indicates  the  closeness  of  fit  of  the  sample 
distribution  to  the  theoretical  distribution. 

Raw  data  -  The  set  of  data  values  read  from  a  data  file  and  used 
directly  by  an  algorithm,  as  opposed  to  a  set  of  data  read  from 
a  data  file  and  manipulated  by  transformations  before  being 
used. 

Regression  coefficient  -  The  coefficients  of  the  equation  used 
in  a  regression  model. 

Regression  table  -  A  table  that  provides  a  summary  of  regression 
calculations.  It  contains  parameter  estimates,  the  standard  er¬ 
ror  of  the  estimates,  the  value  of  the  t  statistic,  the  t  proba¬ 
bility,  and  the  mean  and  standard  deviation  of  the  dependent 
variable. 

Residuals  -  The  difference  between  the  actual  values  and  the 
fitted  values  of  the  dependent  variable  (see  definition  for  <»)  . 

Response  variable  -  Another  name  for  a  dependent  variable. 

Scatter  plot  -  A  scatter  plot  is  a  graphical  display  showing  how 
two  variables  are  related  to  each  other. 

Standard  deviation  -  The  square  root  of  the  variance. 

Standard  error  of  the  mean  -  The  standard  deviation  of  a  set.  of 
sample  means. 

Variance  -  The  average  of  the  sum  of  the  squares  of  the  devia¬ 
tion  of  each  observation  from  the  mean  of  the  variable. 
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Distribution  List 


Defense  Technical  Information  Center 
Cameron  Station 
Alexandria,  Virginia  22314 


Defense  Logistics  Studies  Information  Exchange 
US  Army  Logistics  Management  Center 
Fort  Lee,  Virginia  23801 


Ccrirander 

US  Army  Toxic  and  Hazardous  Materials  Agency 
Aberdeen  Proving  Ground,  Maryland  21010-54oi 


Germander 

Letterkenny  Army  Depot 
Chanbersburg,  Pennsylvania  17201-4170 


